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F Al the ſciences; AsTronony may a ebe the moſt 
ſublime. The vaſt magnitudes, diſtances, and velocities 

if the ſubje&s of which it treats, ſeem to ſet them bey ond 
\1man powers; and yet tlie knowledge of theſe is, in ſome 
caſes, neceſſary for gonducting the bulineſs. of life 


1 


The knowledge of aſtronomy enkbles men to e * 
zure and magnitude of the earth; to aſcertain the poſitions 
of places on its ſurface; to form an intercourſe between the 
molt diſtant nations, and teach them to ſupply each others 
wants; and thus all the inhabitants MH the earth IO _—_ 
takers of its general produce. % botul nODenitiu dag, 


Although great Jifooraries and improvements, have been 
lately made in Aſtronomy, the ſcience: is ill poſſeſſed by * 
ſnall number of perſons ; and there is much wanting to ren- 
der the ſtudy univerſal. To make the moſt. of. any art or 
ſcience for the beneſit of mankind, it is neceſſary that 'many 
perſons underſtand it; for the united ſtrength of numbers 
vill eaſily perform what exceeds the ability of a fẽòũ1 If we 
can find means to inereaſe the number of ſtudents: by indu- 
cng many to learn Aſtronomy, the adypntages which may be 
expected will be great and important: and however diſtant 
the proſpect, there is no reaſon to deſpair of ſucceſs. The 
tine may come when Aſtronomy will be as generally ſtudied 
a the more eommon parts of education are at preſent. A- 
bout 400 years ago there were fewer good accountants in 
Britain than there are aſtronomers at this day; and why 
may not the knowledge of tlie ſtars become as common as 
the application of arithmetic. to the affairs of life? Let us 
open the door, and point out the road, and there will be no 
vant of perſons to oecupy it. LI 


* 


Oue cauſe of the preſent ſmall number of aſtranomers is, 
5 that 


= | ; 
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that the ſcience: has been generally cultivated by eminent 
mathematicians ; and hence an ill-founded opinion has ariſen, 
that none could learn Aſtronomy without previouſly ſtudy. 
ing a tedious courſe of mathematics. This opinion has ge. 
terred many from venturing to begin a ſtudy, the want of 


which they have felt ſeverely when, in future life, they were 
engaged in en e An 5555 ſcience was e 


Another caule f is, he want of books on the ſubject accom. 
modated to beginners, ' Some of the beſt we have were writ- 
ten, during the laſt century, by Gregory, Keill, Whiſton, 
and other great men; conſiſting for the moſt part of lee 
tures, very valuable indeed, but improper for {chool-books, 


vrhich ſhould contain ſhort and plain definitions, precepts, 


aud illuſtrations, ſuited to the circumſtances of learners, 
There is alſo a very great ſcarcity of Aſtronomical Tables 
agreeable t 10 the preſent improved ſtate of the ſcience. The 
Tables in common uſe before the year 1760 were adapted 
to the Julian ſtyle, which, beſides their other defects, ren- 
ders them inconventent for preſent uſe. 


ith may Teva n e to affirm, although it is ſtrigly 
true, that tlie diſcoveries and improvements made in Aſtro- 
nomy during the laſt ao years, inſtead of promoting the ſtu- 
dy, have liad / a contrary eſſect. This cannot be imputed to 


the improvements, but to the partial reformation of Aſtrono- 


mical Tables. Mr Mayer's Solar and Lunar Tables excelled 
the-old ones ſo far, that they put them out of uſe; and a 
we had no Tables of the primary planets. on the ſame plan, 
there was a neceſſity to uſe the old Tables for computing their 


places: and the mechod of calculation by the new and old 


being very different, produced a confufion which was dif- 
e g win and troubleſome to all. 
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1a eaſy acceſs to the ſtudy of Aſtronomy, this Work is of- 
f-red to the Public. It was undertaken with the deſign of 
alliſting ſtudents who have no other previous qualification 
except the knowledge of arithmetic, of the circles of the 
ſphere, and the uſe of logarithms. With theſe qualifications 
(which may be attained in a ſhort time), and the help 
of this Book, any perſon may learn to ſolve the problems 


relating to the places and poſitions of the ſur, moon, pla- 


gets, and fixed ſtars, for any given time and place; either 


chooſe. : 4 F 5 


To accompliſh the end propoſed, Tables of the fun, moon, 
and planets, have been calculated and collected, adapted to 
the Gregorian ſtyle, and extended farther than former Tables 
and the whole has been ſo abridged and condenſed as to be 
comprehended in little room, that, being ſhovt and cheap, it 
might be a proper ſchool-book, and at the ſame time afford 
ſufficient affiſtance for ſolving all the common problems in 
Practical Aſtronomy. | 1 


3 prefixed to the Tables a ſhort deſcription of the Solar Syſ- 


tions of the cireles of the ſphere, and of the uſual terms of 
Geography and Aſtronomy : a ſhort account of the fixed 
lars and conſtellations, with ſome problems relating to them; 
and likewiſe the kalendar, with explanations and ſolutions of 
the problems commonly propoſed under that head: then 
follows the principal part of the book, viz. Problems in Prac- 
tical Aſtronomy, with a great variety of examples. The 
folutions of theſe problems contain precepts and directions 
for uſing the Tables, delivered in ſuch plain language that 
learners of common capacity may eaſily underſtand them. 
There is alfo given an explanation of the Tables, containing 


their conſtruction, wherein ſome things briefly mentioned 


I! 


with the affiftance of a teacher, or by themſelves, as *they 


That the learner may have every needful aſſiſtance, there 


tem as now received by aſtronomers, together with defini- 
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in other parts of the Work are more fully explaned ; as alia 
the conſtruction and uſe of the Table of Logiſtical Logs. 
thun 1 £4 

Ay attempt to i the audy of Aſtronomy into the 
ſchools in the eaſieſt manner is here offered to the Public, 
Such as have capacity and inclination have now ſufficient 
help to learn the ſcience, in a ſhort time. Thoſe who under. 
ſtand the value of it will approye of what is done; and with 
reſpect to others, arguments could be of no avail, 


If any ſhall object, that ſome Tables are omitted which 
they expected to find in a book of this kind, fuch will pleaſe 


to be informed, that the Author's deſign was not to publif- 


a complete ſyſtem either of 'Tables or Problems, but only 

ſuch as are moſt generally uſeful ; and which being underſtood 

by any learner, - may enable him to proſecute the ſtudy with 

greater ſucgeſs than he could have done without ſuch aſſiſtance, 

If the Book anſwers this end, the Author has effęcted al 
that he propaſed, 


ADVERTISEMENT. 


Lately Publiſhed (wrote by the ſame Author), 


 INSTTi'UTES oy ARITHMETIC, for the uſe of 
Schools, 3d Edition, 
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»RACTICAL ASTRONOMY. 


INTRODUCTION. 


STRONOMY is the knowledge of the ftars, with re- 
ſpect to their numbers, magnitudes, diſtances, motions, 
and appearances, as ſeen from any place of the earth. 

By Srax, in aſtronomy, is underſtood any body which 
ſhines in the heavens, whether it emits or reflects light. 

Stars which emit light are the lucid bodies in the univerſe: 
they appear always at the ſame diſtance from each other, and 
therefore are called fixed fars. The ſun, which enlightens 
the earth and the reſt of the planets, is one of them. His 
great magnitude, in compariſon of the reſt, is' owing to his 
being nearer to the earth than they are; for if he was ſeen 
at the ſame diſtance, he would appear as ſmall as any other 
fixed ſtar, | 

According to this hypotheſis, the fixed ſtars, which ap- 
peer to us in the night as lucid points, are large bodies, ſome 
of them equal to or perhaps greater than the ſun : and ſince 
every ſtar continues in the ſame place, it is probable that 
each of them affords heat and light to ſome number of opaque 
bodies, as the ſun does to the planets in his ſyſtem. 

The motions aſcribed to the fixed ſtars are only apparent, 


and may be accounted for from the real motions of the 
earth, | 


| B | The 
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The fixed ſtars are placed at immenſe diſtances from each 
other, and conſequently the neareſt of them is very far from 
the earth. Our meaſures are too ſmall to expreſs the dil. 
tance of the fixed ſtars ; but it has been ſappoſed to be bote 
400,000 times the diſtaace of the ſun from the earth, 

The number of the fixed ſtars is not known: for although 
thoſe that are viſible have been numbered and arranged in 
catalogues, it is probable, from what we know of the yaf 
extent of the univerſe, and of the ſmall part of it which fall; 
under our view, that the number of ſtars invilible to us, 
much greater than that of the viſible ; and therefore the num. 
ber of the whole is entirely unknown. 


Some of the fixed ſtars appear large and bright in compa- 


riſon of others, which ſeem to be ſmall and ſcarcely diſcern. 


ible : for this reaſon we ſpeak of them as greater and leſs; 
ſuch as ſtars of the firſt, ſecond, third, and fourth magni. 
tudes, &c. But theſe different appearances may be owing to 
their different diſtances; and the ſtars which appear leaſt may 
be larger bodies than thoſe which we judge to be the 
greateſt, 

There are a few ſtars which . continue at the ſame 
diſtance from each other, nor from the fixed ſtars; but ap- 


pear in different places of the heavens at different times, and 


are therefore called avandering flars : but theſe are not lucid 
bodies ; for although they ſhine like other ſtars, it is only by 
reflecting the ſun's light which falls on them. Theſe ſtars 
have many peculiar properties, They are few in number, 


and very near the ſun and earth in compariſon of the fixed 


ſtars : they have each their own proper motion round the 
ſun, beſides other peculiar motions. Some of them revolve 
round each other. "Thoſe which are viſible to us belong to 
the ſyſtem of the ſun. | 

By the univerſe, we underſtand the whole material creation, 
which conſiſts of two kinds of great bodies, lucid and 
Opaque. : 
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By a ſyſtem, we underſtand a lucid body with ſome num- 
ch her of opaque ns ſituated withas the 8 * its in- 


ence. 
ul: _— are perhaps as many en 5 this kinds in _ uni- 
de terſe as there are fixed ſtars. 
The ſolar ſyftem is that part of the univerſe which conte 
gh of the {un, planets, __ comets. | h 
in 
vaſt 8 Togo 
alls ply ane i 54 
by 1 Pao Mak Ju lr 19 096 1 
um. | .c H A P. I. | not 55 
N The Selur Syſtem,” i 
4 HE SOLAR Srerter conſiſts of Nestes Lest bikes; 3 
= 1 viz; the ſun, the fix primary planets; and ten ſecondary 
* planets or ſatellites; together with the bodies called comers, 
2 which appear but wes, and their number i 18 as s yet 1 un- 
known, 6 54 ei dot 
2 The ſun and ach are bodies of the lame Toon each &f 
them being nearly a globe. iq 
* The ſun is the only lucid body in he Gyllem; affording 
* light and heat to all the reſt; and is much larger than any 
22 1 of them, his diameter being about 800, oo miles. 
* The ſun is placed in the centre of his ſyſtem, Aiffiling his 


lun influences to all the planets; and although he remains in the 
lame place, he is not perfectly at reſt, but moves continually 
round his own axis from weſt to eaſt, making one revolution 
5 in about 26 days 6 hours, according to ſome obſervers; and 
according to others, in 26 days 8 hours nearly. ; 

The planets are all opaque bodies, receiving light from the 
ſun, and reflecting it in ſuch a manner that they appear to a 
Det diſtant obſerver like ſtars : and when the earth and any pla- 

5 net is in ſuch a poſition, with reſpect to the ſun and to each 

. other, that an eye on the earth ſees that ſide of the planet 

Br | which 
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which is towards the ſun , the planet has the appearance of: 


ſtar, more or leſs bright as the whole enlightened ſide or on- 


ly a part of it is towards the earth; and when the dark fide 
is towards the earth, the planet is inviſible to a terreſtril 
ee 
The fix primary planets are, Mercury N, Venus Y, the 
Earth ©, Mars &, Jupiter u, and Saturn h. All thek 
revolve continually round the ſun from weſt to eaſt, in different 
periods of time, according to their diſtances from the ſun and 
degrees of velocity, 
The motion of a primary planet round the ſun is called 
its annual motion; but beſides this, the moſt (if not all) of 


them revolve continually round- their own axis from weſt to 


caſt, which is called their diurnal motion. 
The paths or orbits of the planets are elliptical figures 
but not very Ceenznic 3 ; that is, they differ. very little from 


circles. | 
There are ten 3 no or | ſatellites; vis, the 


moon, which is the earth's ſatellite; the four ſatellites of Ju 


piter; and the five of Saturn. All the ſatellites revolre 
- continually round their primaries from weſt to eaſt ; and al. 
ſo are carried along with them in thei annual motions round | 


the fun, 

The orhits of the planets differ m \- magnitude ; focus of 
them being very large, as thoſe of Jupiter and Saturn; and 
others comparatively ſmall, as the. orbits of Mercury and 
Venus: but the orbits of the ſatellites are the leaſt of all 


All the orbits of the planets lie in different. planes; and 


therefore, being produced to 4 heavens, will cut each 
other. 

The earth's orbit is called the OY The la) of the 
orbits of the other planets interſe& the plane of the ecliptic, 


| making | ſmall angles with it; and therefore half of the orb! 
of every planet lies to the north, and the other half of it to 
ths ſouth of the ecliptic, The points of interſection which 


the 
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the orbit of any planet makes with the ecliptic are called the 
node; and the ſtraight line, in which the plane of the orbit 
of any planet cuts the plane of the ecliptic, is called the line 
of the nodes of that planet. 
MexcuRy is neareſt to the ſun, and the leaſt of the pri- 
planets : his diameter is about 3, 222 miles, and his diſ- 


| tance frog the ſun 37 millions of miles ; He makes a revolu- 


tion round the ſun in 87 days 23 hours 15 minutes, with a 
rlocity of 110 thouſand miles per hour : hence his period 
gr year is ſomething leſs than three of our months. 

This planet is twice in conjunction with the ſun during 
every apparent revolution ; once between the earth and ſun, 
called his inferior, and again on the oppoſite ſide of the ſun, 
called his ſuperior conjunction; and therefore being always near 
the ſun, is ſeldom ſeen by a ſpectator on the earth. Hig 
greateſt apparent diſtance from the ſun, called his greateſt 
elongation, is only 28 degrees, or 56 times the ſun's diameter; 
and when the ſun riſes or ſets, mercury is alſo near the hori- 
20n, and ſo cannot be ſeen by a ſpectator in our latitude ex- 
cept when he is on the north ſide of the ecliptic and near his 
greateſt elongation, 

When Mercury 1s viewed through a good teleſcope in 
every part of his orbit where he is viſible to us, he has all the 
different phaſes 'of the moon, except that his diſc is never 
fully enlightened ; becauſe his light fide is never towards the 
earth but when he is about his ſuperior conjunction or on the 
oppoſite fide of the ſun, where he is hid in the ſan's light; 
which 1s a clear proof that he is not a lucid body, emitting 
his own light; for if he was, his diſc would be always fully 
lghtened and round like the ſun. 

Mercury receives near ſeven times as much light and heat 
from the ſun as our earth. The plane of his orbit is in- 
clined to the plane of the ecliptic i in an angle of 7 degrees, 
and his Eg node is in 18. 15® 46 45", and the other 
node in 78. 15 46 45”. The fun is in theſe points of the 

ecliptic 
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ecliptic on the 6th of May and 7th of November: and whe 
Mercury is in either of his nodes at the time of his infer 
conjunction, when he paſſes by between the ſun and ear, 
he will appear upon the ſun's diſc .like a round dark (pat; 
but in all other parts of his orbit bis conjunctions are ny, 
ſible, becauſe he is either above or below the ſun, Th, 
tranſits of Mercury over the ſun's diſc, which are viſible i 
any particular place on earth, happen but, ſeldom; one d 


from the ſun is only: 48. degrees. 

Mercury and Venus are called inferior . becauſe they 
are nearer to the ſun than any of the reſt; and in their au- 
nual motions they appear to a ſpectator on the earth to tra- 
verſe forward and backward ſmall ſpaces on each ſide of the 
fun, and are frequently in conjunction with him, but never in 
__ Oppoſition, nor even at go degrees diſtance ; which is an ocu- 
lar demonſtration of the truth of the Copernican ſyſtem, 

: ; When 


- them will be viſible. in Britain in 1799, May 7th, at 2 houn 
34 minutes afternoon. ; we! 
Vexus is the: ſecond planet from ta ſun, larger tha pet 
Mercury, but leſs, than the earth: her diameter is about 768 of 
miles, and her diſtance from the ſun 68 millions of mile. he 
She performs her annual revolution round the fun in 224 in 
days 16 hours 49 minutes, or about 74 months of our time, ſc 
which is the length of her year, and goes on with a velocity Ul 
of 79 thouſand miles in an hour. Venus turns round he 
own axis continually in 23 hours 22 minutes, which is the | 
length of her day, ſhorter than our natural day by 38 mi b 
nutes. Her year conſiſts of almoſt 231 of her own days; n 
and ſhe receives twice as much light and heat from the ſu | 
as our earth. 7 c 
The orbit of Venus "= without the orbit of „ ; 
within the earth's orbit; and therefore, in every apparent , 
revolution, Venus is twice in conjunction with the ſun, in the 
ſame manner as the planet Mercury. To a ſpectator on the 
earth, the greateſt apparent diſtance or clongation of Yea | 


en 
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When Venus appears on the weſt of the ſun, me riſes 
cap? him in the morning, and is then called the morning 
; and when ſhe appears to the eaſt of the ſun, ſhe ſets 
4 him im the evening, and is the evening far. She is in 
each of theſe poſitions about 290 days together: but is not 
viſible to us all that time; for when near the ſun on either 
Gde ſhe is hid in his light. | 2X 
It may ſeem abſurd to affirm that Venus remains on the 
weſt or eaſt fide of the ſun longer than the whole time of her 
period round him; but while Venus moves through any part 
of her orbit, the earth moves the ſame way ; and therefore 
her apparent motion, when direct, is only the difference be- 
tween her own proper motion and that of the earth; and be- 
ſides, ſhe appears ſometimes to be ſtationary, and at other 
times retrograde. 
Venus being viewed through a teleſcope, in every part of 


| her orbit has the ſame appearances az the moon, except that 


her whole diſc 1s not illuminated unieſs when near her ſupe- 
rior conjunction, becauſe ſhe is never in oppoſition to the ſun. 
Her orbit makes an ei of 3* 230 200 with the ecliptic, and 
croſſes it in 28. 14? 51', which is the longitude of her north 
or aſcending node, and the ſouth node is in 88. 14 51, 
When the ſun is in theſe points of the ecliptic, and Venus in 
her inferior conjunction, ſhe paſſes over the ſun's diſc, ap- 
pearing like a round black {pot : but ſuch a pofition.of the 
ſun and planet happen very ſeldom. The laſt tranfit was on 
the 3d of June 1769, and the next will be in the month of 
December 1874. 

The Earth is the third planet from the ſun, larger than 
either of the inferior planets : its diameter is 7, 964 miles, and 
ts diſtance from the ſun about 95 millions of miles. The 
earth revolves continually round the ſun, with a velocity of 
68 thouſand miles in an hour. . 

If we reckon the time of the earth's annual motion round 
the ſun from the moment of its departure from any point of 

the 
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the ecliptie, as the equinox or ſolſtice, until its return to th 
ſame again, it is 365 days 5 hours 49 minutes nearly, calle 
the tropical year ; but if we reckon the time as it would ap 
pear to a ſpectator in the ſun, from the inſtant when thy 
| earth is in conjunction with a fixed ſtar until its return 6 
the ſame, it is 365 days 6 hours 9 minutes 144 ſeconds, calle 
the /edereal year. 

The velocity of the earth in its annual motion round the 
ſun is greater than the velocity of any other motion which 
we are acquainted with; for it is 140 times of the v 
of a ball diſcharged from a gun; and yet the velocity of th 
earth is little more than half of the velocity of the plane 
Mercury in his annual motion. | 

Beſides its annual motion, the earth turns round 1 its om 
axis from welt to eaſt once every natural day of 24 hours 
whereby the ſun and all the ſtars ſeem to move round the 
earth, the contrary way from eaſt to weſt, in the ſame time, 
which produces the continual ſucceſſion of day and night, 
and is called the earth's diurnal motion. 

In this motion, thoſe places of the earth at and near the 
equator move with greater celerity than thoſe which are 
_ nearer to the poles; and every point on the ſurface of the 
earth deſcribes a circle parallel to the equator except the 
poles, which have no diurnal motion, 

Places on the equator move round in the diurnal motion 1041 
Engliſh miles every hour. London, in latitude 51* 32“, moves 
642 miles an hour; Edinburgh, in latitude 56®, travels 581 
miles per hour; and Peterſburgh, in latitude 60e, goes round 
521 miles an hour: beſides the annual motion of 68, ooo miles 
per hour, which is common to all places of the earth. 

The axis of a circle is a ſtraight line paſſing W its 
centre perpendicular to its plane. 
Phe axis of the earth is an imaginary ſtraight line round 


which it revolves; the extremities of it are the earth's poles; 
e 0 


«nd the earth's axis being produced to the vilble heaven, 
marks out the celeſtial poles, 

The earth's axis is inclined to the eg of its orbit i in an 
gle of 66? 32', and ep N makes an angle with the 
axis of its orbit of 23 28“; which is the ſame with the angle 
contained between the equator and ecliptic, called the obi. . 
quily of the ecliptic. 

In the earth's motion round the ſun, its axis, although 
changing place every inſtant, is always parallel to. itſelf: for 


annual orbit, repreſenting the poſitions of the earth's axis in 
them, all theſe ſtraight lines will be parallel to each other. 
It is owing to the inclination of the earth's axig to the plane 
of its orbit, and its being always parallel to itſelf during the 
annual motion, that we have the different ſeaſons of ſpring, 
ſummer, autumn, and winter, ſucceeding each other : for if 
the earth's axis was perpendicular to the plane of its orbit, 


would coincide with the ecliptic, and the days and nights al- 
ways equal over all the earth, and conſequently there could 
be no variety of ſeaſons. But by reaſon of the poſition 


equinoctial circle only twice in the year, and then both poles 
hare his light. From the moment he is in the equinoctial, 
about the 20th of March, he declines continually towards 


diſtance from the equinoRial, he begins to return towards it, 
and on the 22d of September is again on the fame circle, 
giving light to both poles. From the 20th of March to the 
22d of September all places ſituated north of the equator 


© FF tK.+ ue on 


and places adjacent to it have the ſun's light continually day 
and night, while the ſouth pole and places near it are in dark- 
neſs, From the 22d of September the ſun appears to de- 
Cline from the equinoctial ſouthward until about the 22d of 

C Decem- 
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if ſtraight lines be drawn through the ſeveral points of the | 


the ſun would be conſtantly in the equinoctial circle, which 
and paralleliſm of the carth's axis, the fun appears at the 


the north until the 20th of June; when being at his greateſt ' 


hare their days longer than their nights; and the north pole 
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heat is but one half of ours. The axis of Mars is nearly pe. 
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December; when, being at the ſame diſtance from it a, f 
was on the 20th of June, he begins to return towards fh 
north, and on the 20th of March is again at the qu; 
noctial. 

While the ſun appears ſouth of the ine the ſouth 
pole, and all places in that hemiſphere, have the ſun's lig 
in the ſame manner as the northern had it in the 9 
months. | 

Mans, the leaſt of all 2 primary ns except Mere. 
ry, is the fourth from the ſun: his diameter is 4, 189 mils 
and his diſtance from the ſun about 144 millions of mile 
he moves round the ſun once in 686 days 23 hours 30 M 
nutes, which is the length of his year; travelling at the wt 
of 55,000, miles every hour, and turns round his own axls b 
24 hours 40 minutes of our time. 

The year on this planet is almoſt two of our years, a 
his natural day 40 minutes longer than ours. His year c 
ſiſts of 668477 of his own days. By reaſon of his great 
diſtance, the ſun appears leſs by one half to a ſpectator u 
Mars than to us on the earth, and conſequently his light ad 


pendicular to the plane of the ecliptic ; his orbit being is 
clined to it in an angle of no more than two degrees, Hy 
aſcending node is in 18. 18, and the ſouth node in 58. 18 

The colour of Mars is _ red than that of the olle 
planets; and by his appulſes to ſome of the fixed ſtars, k 
ſeems to be encompaſſed with a very groſs atmoſphere, H 
appears ſometimes gibbous like the moon in her ſecond and 
third quarters, but never horned ; which ſhows that his orb 
includes the earth's within it, and alſo that Mars is not al 
cid body emitting his own light, but ſhines by reflecting tit 


Tight which he receives from the ſun. 


JueiTER is the fifth planet from the ſun ; much larg? 
than any of the reſt, his diameter being about $9,000 mile; 


and couſequently this planet is 1,403 times the magnitude a 
the 
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the earth, His diſtance from the ſun is 490 millions of 
miles, and moves round the ſun with a velocity of 29,610 
miles per hour; making one revolution in 4, 332 days 8 hours 
1 minutes of our time, or 11 years 314 days nearly, 
wich is the length of his year. He turns round his own 
axis in 9 hours 56 minutes, which is the length of his natu- 
ral day. By this diurnal motion, the parts about his equator 
re carried round at the rate of 28,200 miles every hour, 
yhich is almoſt three times the Very of the earth's diur- 
nal motion. | 


qui 


7 lupiter's axis is nearly perpendicular to the plane of his 

nl audit, and therefore he has no ſenſible change of ſeaſons, 

od The annual orbit of Jupiter is inclined to the plane of the 
c dtic in an angle of 1* 20', and cuts it in 38. 9“, which is 

oi" longitude of his north node, and that of the ſouth node 

00% 1 98. 9* . / 

an On account of the great diſtance of Jopiter, the ſun ap- 

ars to a ſpectator on him to have only one twenty. eighth 


part of his apparent magnitude as ſeen by us; and conſe- 
quently that planet has but the twenty-eighth part of the 
light and heat which we enjoy. | 
saruaz, the fixth planet from the ſun, is greater than 
15. Na of the primary planets except Jupiter: his diameter is 
oth bout 79,000 miles, and conſequently his magnitude is near 
s, lo times that of the earth. He is goo millions of miles 
He tant from the ſun, and moves once round him in 10,761 
u 475 14 hours 3643 minutes, or 29 years 169 days 11 bours of 
orbit our time, which is the length of his year, He moves round 
ahbe fun with a velocity of 21,894 miles in an hour. The 
7 th tine of his diurnal rotation round his axis has not been diſ- 
corered as yet. 
arge Saturn is ſurrounded by a large ring, generally ſuppoſed 
les; to be ſolid. It is about 21,000 miles in breadth, and at the 
de of ane diſtance from the body of the planet. It is inclined to 
tee plane of the ecliptic in an angle of about 30?, and there- 
| fore 
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fore its apparent form is continually changing; ſometime 


time t 

appearing as a line acroſs the diſc of the planet, at other tural | 

times as an oval or a circle. This ornament or convenien Thi 
peculiar to Saturn may be ſeen by an ordinary teleſcope, if lowly 

but what it is, or of what uſe, is yet unknown. turn 


The ſatellites, or ſecondary planets, are ſmall opaque ſpheri 
cal bodies, which revolve round their primaries continually, 
and accompany them in their revolutions round the ſun, 


Only three of the primary planets, viz. the Earth, Juyi 
ter, and Saturn, have ſatellites, The Earth has one moon circle 
Jupiter four, and Saturn five, of its 
The moon's diameter is only 2,180 miles, and her magni. Wi 5; d. 
tude about one forty-ninth part of the earth: but much h de n 
when compared to the ſun ; and yet by reaſon of her nea: alle. 


neſs to the carth, ſhe appears to us almoſt as large as the ſun, each 
Her mean diſtance from the earth is about 240,500 mes; r tb 
and ſhe makes one revolution round the earth in 27 days) his r 
hours 43 minutes, with a velocity of 2, 300 miles per how, auf 
This ſpace of time is called the moon's period. ine, 
In every revolution the moon paſſes once between the ſun ; 
and earth ; and becauſe ſhe i is then in the ſame part of the tion 
heavens with the ſun, it is called her conjunction. At that il le 
time her light ſide is toward the ſun, and her dark ſide to- diſc. 
ward the earth, and therefore ſhe is inviſible to us. This h Pe 
vulgarly called the ime of change or new moon. In like man- cha 
ner, in every revolution the moon is once in oppoſition to the lap 
lun; and then her enlightened fide being toward the earth 4 
we ſee her whole diſc luminous, and ſhe is called full mon, Wi 0 
When the moon is equally diſtant from her conjunction and i ”” 
appoſition, we ſee only half of her diſc enlightened, and then the 
ſhe is called quarter moon. 43 
The time of a mean lunation or moon, reckoned from one for 
conjunction with the ſun to the next, is 29 days 12 hours 44 Ml ©» 
minutes 3 ſeconds, called a /ynodical month; and in the ſame . 
: | | tine il 
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ume the moon turns once round her own axis: hence a na- 
tural lunar day is about 294 of our days. 

There are many ſpots on the moon's diſc, which move. 
lowly, and come always into the ſame poſition at every re- 
urn of the ſame phaſis; from which it is inferred that the 
noon turns once round her own axis in every lunation. The 
noon's axis is ſo nearly perpendicular to the plane of the 
ecliptic, that ſhe has no change of ſeaſons. 

The moon's orbit is a variable ellipſis, ſometimes nearly 2 
circle, and at other times more eccentric : the earth is in one 
fits foci ; it is inclined to the ecliptic in an angle of about 
57 e ; the points where it cuts the ecliptic are called 
the moon's nodes 5 and the ſtraight line which joins them is 
called the line of the nodes. The moon paſſes once through 
each node in every lunation; and when ſhe is in either node 
it the time of her conjunction with the ſun, ſhe intercepts 
his rays, and prevents them from falling on the earth; be- 
cauſe the ſun, earth, and moon, are then in the ſame ſtraight 
ine, and then we ſay the ſun is eclipſed. | 

And when the moon is in her node at the time of oppoli- 
tion, the earth being between the ſun and moon, intercepts 
the ſun's light, and prevents it from falling on the moon's 
diſc, and thus cauſes an eclipſe of the moon. Hence it ap- 
pears that eclipſes of the ſun happen only at the time of, 
change or new moon; and eclipſes of the moon can never 
lappen but at the time of full moon. 

The reaſon why the time of a mean lunation exceeds the 
moon's period may be underſtood thus: Suppoſe the moon 
z in conjunction with the ſun in any point of the ecliptic, 
tie moon moves through her whole orbit in 27 days 7 bough 
43 minutes, and in the ſame ſpace of time the earth moves 
torward in the ecliptic about 270; and therefare, beſides go- 
ing once round the earth in her own orbit, the moon muſt 
30 on above two days before ſhe can overtake the earth and 
be again in conjunction with the ſun. | 


The 
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The earth is a moon to the moon, and appears about thir. 
teen times larger to the lunarians than the moon doth to yy, 
They will fee the ſame changes of the earth as we ſee of the 
moon. When the moon changes to us, the earth will 
pear full to them; and when the moon is in her firft quarter 
to us, the earth 1s in her third quarter to them. When the 
moon is eclipſed to us, the lunarians will ſee the ſun eclipſed 
by the earth ; and when we ſee the ſun eclipſed by the in. 
tervention of the moon, the lunarians will ſee the earth 
eclipſed. | 

As the earth turns round its axis, the ſeveral continents, 
hands, and ſeas, on its ſurface, will appear to the lunarians 
like fo many ſpots of different colours and brightneſs mo- 
ving over its ſurface ; but much fainter at ſome times than at 
others, as our clouds cover or leave them. 

It has been ſaid by ſome that the moon has no atmoſphere: 
others, with much more reaſon, affirm that it hath ; but ſo 
ſmall in comparifon of the moon's diameter, that it does not 

exceed one ſecond when viewed by a ſpectator on the earth, 

Jupiter has four ſatellites or moons. The firſt or neared 
to him 1s 229 thouſand miles diftant from his centre, and 
moves once round him in 1 day 18 hours 36 minutes of our 
time; the ſecond is 364 thouſand miles diſtant, and per. 
forms one revolution round him in 3 days 13 hours 1 5 mi- 
nutes; the third is 580 thouſand miles diſtant, and goes 
once round him in 7 days 3 hours 59 minutes; and the fourth 
or outermoſt is one million of miles diſtant from Jupiter, 
and moves once round him in 16 days 18 hours 30 mi— 


nutes. 


. is a moon to his moons, and will appear to the in- 
abitants of that neareſt to him 1,000 times as large as our 
moon doth to 2s, and have all the ſame phases of our moon 


in the ſpace of 424 hours. 


Jupiter's three neareſt moons fall into his ſhadow, and are 


eclipſed in every revolution; but the orbit of the fourth is 
: ſo 
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0 much cle to the orbit of Jupiter, that it paſſeth 
through its oppoſition without falling into his ſhadow for 
tro whole years in every fix. The diſcovery of Jupiter's 
noons and of their eclipſes have been of great uſe ; for by 
them aſlronomers have diſcovered that the ſun's light takes 
out 8 minutes of time in coming from the ſun to our 
auth. By the eclipſes of Jupiter's ſatellites they have alſo 
\termined the longitudes of places on the earth with a great- 
er degree of certainty than by any other method yet known. 

Saturn hath five ſatellites or moons. 'The firſt, or neareſt 
to him, is 140 thouſand miles diſtant from his centre, and 
travels once round him in 1 day 21 hours 19 minutes ; the 
{cond is diſtant 187 thouſand miles, and moves round him 
once in 2 days 17 hours 40 minutes; the third is diſtant 263 
thouſand miles, and goes once round him in 4 days 12 hours 
25 minutes; the fourth is diſtant 600 thouſand miles, and 
makes one revolution round him in 15 days 22 hours 41 mi- 
nutes; and the fifth, or fartheſt from Saturn, is diſtant from 
his centre one million of miles, and runs once round him in 
70 days 7 hours 48 minutes. Theſe five move continually 
round Saturn on the outſide of his ring, and their orbits are 
nearly in the ſame plane with it, and alſo accompany him in 
his motion round the ſun. 25 | 

ComeTs are bodies belonging to the ſolar ſyſtem ; but 
their numbers, magnitudes, orbits, and motions, are very im- 
perfectly known as yet. They are ſaid to be ſolid opaque 
bodies like the planets, revolving round the ſun in very ec- 
centric orbits, extending far beyond the orbits of the planets. 
The ſun being in one of the foci of a comet's orbit when it, 
ö in perihelion, it muſt be very near the ſun, and then heat- 
ed to a degree almoſt above our conception; and when it is 
in aphelion, it muſt ſuffer an equal degree of cold. Some 
atronomers ſay that twenty-one comets belong to the ſolar 
ſyitem ; of theſe they have calculated only the periods of 
three ; how far they are right, will be known by their regular 

returns. 
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returns. The different appearances of comets is as s remart, 
able as any circumſtance concerning them ; for ſome of ther 
have appeared bright and round like the planet Jupiter, 
others have tails projected towards that part of the heaven 
which is oppoſite to the ſun; and ſome have beards : per. 
haps the fame comet may have all theſe forms, ariſing fron 
its different poſitions with reſpe& to the fun and earth, 

The number of bodies in the ſolar ſyſtem here deſcribed 
that which was generally received by aſtronomers before the 
year 1480 : Since that year another planet has been diſco. 
vered by Mr Herſchel, and called the Georgium Sidus, 

He ſtates its diameter to be 35 thouſand miles, its di. 
tance from the fun 1,800 millions of miles, and its period 
round the ſun about 83 years. He has alſo diſcovered two 
fatellites or moons belonging to this new planet. 

The Georgium Sidus viewed through a teleſcope appear 
like a ftar of the fourth magnitude, which is not eafily ſeen 
by the naked eye ; and therefore, whatever advantage aſltg. 
nomers may derive from the diſcovery, men in general can 


_ derive very little. 


CHAP. II. 
The Doctrine of the Sphere. 


8 every ſpectator i is in the centre of his own view, 
and fince the lucid bodies of the univerſe are placed at 


immenſe diſtances from each other, wherever a ſpectator is fi- 
tuated in the mundane ſpace, he will ſee the viſible heavers 
have the appearance of a vaſt concave ſurface, of which the 
centre is his eye. In this apparent ſurface he will ſce inuu- 
merable bright ſtars; ; ſome larger, others leſs, performing 
their motions : and ſince the diſtance between the earth and 
7 jun 


Taz DOCTRINE or rur SPHERE. 13 


{un is but a point in compariſon of the diſtances of the fixed 
dars from the ſun and from one another, a ſpectator will fee 
the ſame face of the heavens, the fixed ſtars of the ſame mag- 
utude, and the conſtellations of the ſame form, whether he 
views them from the earth or from the ſun ; and therefore 
the appearance of the fixed ſtars will be the ſame whether 
we make the earth or the ſun the centre of the viſible hea- 
dens. | | 

In order to form juſt ideas of the ſeveral parts of the 
eath's ſurface, whether land or water, of their magnitudes, 
ituations, and diftances from each other, and from the place 
of our reſidence, we ſuppoſe many eircles to be deſcribed on 
the earth; and their planes being produced to the heavens, 
aride the concave ſurface into ſimilar parts, whereby we can 
think and ſpeak more intelligibly of their vaſt extent, ar- 
range the ſeveral parts, and deſcribe the phenomena more 
conveniently than could be done without this contrivance. 
bi Theſe are called circles of the ſphere, and are either great or 
| ſmall, | | 

The cireumference af every circle is divided into 360 equal 
parts called degrees, each degree into 60 minutes, and every 
minute into 60 ſeconds z and the diviſion may be continued 
to thirds, fourths, &c. 

A great circle hath the ſame centre with hi ſphere, and 
livides it into two equal parts; and a ſmall circle divides the 
iphere into two unequal parts. 

Small circles are parallel to ſome great circle, and their 


10 centres are in a diameter of the ſphere at ſome diſtance from 
i Wl its centre. 

F The poles of a great circle are two points in the ſurface of 
1 the ſphere, diametrically oppoſite, and equally diſtant from 


erery point of the great circle. The poles of a ſmall circle 
6 ae the ſame with thoſe of the great circle to which it is pa- 
n 1 allel, Hence parallel circles have the ſame poles. | 
The axis of a circle is a ftraight line paſſing through its 
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centre and poles, and conſequently i is perpendicular to its 
plane. 

Great circles which paſs through the poles of another 
great circle, cut it at right angles, and are called its ſecon. 


deſc 

daries. 1 
Some circles of the ſphere retain always the ſame poſition, . abi 
and are therefore called fixed or immoveable circles ; others ate 
depend on the poſition of the ſpectator, and move along with Wi gb 
him, and conſequently are called moveable circles. Lo 
'The equator and ecliptic, with their ſecondaries and pa. T 
rallels, are fixed circles, and are delineated. on the artifici _ 
globe. The horizon, with its ſecondaries and parallels, are 1 
moveable circles, and therefore cannot be delineated on att 5 
bein globes, . 
The axis of the nur is alſo the axis of the earth, and ert. 
its extremities are the earth's poles : The ſame ſtraight lin WW... 
produced to the heavens marks out the celeftial poles. * 
Since the centres of all great circles are in the centre of G 
the ſphere, and every great circle divides the ſphere into two . * 
equal parts; when great circles meet on the ſurface of the I th 
ſphere, they muſt biſe& each other, and the po: of ther d 
interſection are 3 oppoſite. "Ak 
B 

I. Of the Equator, its n , and Parallels, earl 

The Equartos, called alſo the Equinoctial, and by marinen " 
the Line, is a great circle ſurrounding the globe in the middle 1 
between the two poles. This circle is commonly called the I 
equator when it is conſidered as deſcribed on the earth, and * 
equinoctial when extended to the heavens 3 but theſe terms art 240 
often uſed promiſcuouſſy. Pg 
The earth's axis being the ſame with the axis of the equs Upo 
tor, the diurnal motion of the earth is performed in the plant 42 
of the equator; and becauſe the apparent motion of the Rani . 


from eaſt to weſt ariſes from the rotation of the earth round 
5 it 
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is axis from weſt to eaſt, the daily motions of the ſtars are 
i circles parallel to the equinoctial; that is, any ſtar equally 
liftant from both the poles will ſeem to deſcribe the equinoc- 
tial by its daily motion; and all the other ſtars will ſeem to 
&ſcribe circles parallel to the equinoctial. 

Theſe circles may be called the diurnal paths of the fare, 
which decreaſe in magnitude continually according to their 


2nd or the heavens. This axis is an imaginary ſtraight line i in the 
lin BY beavens, and in artificial globes is repreſented by a wire paſ- 
ing through the centre. 
: Great circles paſſing through the poles and cutting the 
two equator at right angles are ſecondaries of the equator z and 
the with reſpe& to places on the earth, they are called meridians, 
ber ad in the heavens are called circles of We and ſometimes 
beur- circles. | 
Becauſe time is reckoned by the Span motion of the 
eath, and this motion is performed 1 in the plane of the equa- 
ö tor, therefore the equator is our meaſure of time: for ſup- 
1 pole a fixed celeſtial meridian, while the earth turns round its 
ide als, every point of its ſurface muſt come regularly to this 
d the BY neridian; ; the whole terreſtrial equator paſſes by the fixed 
aui neridian in the ſpace of one natural day of 24 hours; and the 
mW rech part of it, or 15 degrees, will paſs by in one hour, and 
one degree paſſes in the 15th part of an hour or four minutes. 
eq Upon this hypotheſis all machines for meaſuring time, ſuch 
7 as ſun-dials, clocks, and watches, are conſtructed; and on 
45. tie ſame principle, only twelve meridians are drawn on the 


it 


litance from the equinoctial circle ; thoſe near the poles de- 
ſcribe very ſmall circles z and if a ſtar he at either pole, at © 
has no diurnal motion, but ſeems to be perfectly at reſt. 

The equator divides the earth and alſo the heavens into 
wo equal parts, called the northern and ſouthern hemiſpheres. - 

The axis of the equator, called alſo the axis of the world, 
; in the ſame ſtraight line with the earth's axis; and its ex- 
tremities are the north and ſouth poles, whether of the earth 


artificial 
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artificial terreſtrial globe, cutting the equator in every 15th 
degree, thereby marking the difference of one hour between 
the places through which theſe general meridians paſs. The 
intermediate meridians, although not drawn, are repreſented by 
other means. When we ſay the ſun or a ftar comes to the 
meridian, the terreſtrial meridian is ſuppoſed to be fixed, 
The meridian of any point or place is properly a ſemi. 
circle, paſſing through the two poles and that. place; the 
other half of the ſame circle is called the oppoſite meridian, 
Theſe cireles, extending from pole to pole, are the meridians 
of all places through which they paſs ; therefore places which 
he north and ſouth of each other have the ſame meridian, and 
eonſequentiy have noon-day at the fame moment of time, 
Every meridian divides both the earth and the heavens in 
to the eaſtern and weſtern hemiſpheres. Thie poles of eren 
terreſtrial meridian : are the eaſt and weſt points of the rationd 


horizon. Lt 
One of the _ meridians is called the fr I. from which il l 
the diſtance of the others is reckoned z but the geographen ealte 
of different nations are not agreed about. the fituation of it: Wl | 
for the Engliſh account the meridian of London or Green. reck 
wich the firſt meridian; the French, the meridian of Ferry WM der 
iſland, one of the Canaries ;z and the Dutch, that of Tenerif, WI pe 
another of the Canaries. In ſea- charts, the meridian of the rl 
Lizard in England, of Cape Finiſterre in Spain, or of Cape anti 
Clear in Ireland, is reckoned the firſt, agcyrling to the fat: ea 
ey of different Adden | acco 
Latitude is the diſtance of a place north or ſouth from the tude 
equator, reckoned on the meridian. All places in the north- Wh ©" 
ern hemiſphere of the earth are in north latitude, and thoſt 1 
in the ſouthern hemiſphere are in ſouth latitude. twet 
Since the latitude of any place is its diſtance from the WW lan 
equator, places ſituated on or under that circle have no lat; d 
- tude ; and becauſe the latitudes of places increaſe as they ar WM lc 


acarer to the poles, theſe points have the * latitude, 
whics 
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ich is 90% Hence the latitude of any place is an arch of 
e meridian between the equator and that place. 

In any place on the earth, the elevation of the pole, or its 
pht above the horizon, is equal to the latitude of the place; 
which may be illuftrated thus: In a place fituated on the 
equator, the poles are in its horizon; but in a place at any 
Jftance from the equator, the neareſt pole muſt be as many 

above the horizon as the place is diſtant from the 
n, WWuitor ; becauſe there are 909 between the equator and the 
pole, and the ſame number between the zenith and horizon. 
ich l the equinoctial paſs through the zenith, the poles will be 
and Wi the horizon; but if the zenith be 10 north of the equi- 

witial, the north pole will be 10® above the horizon, and 

i de fouth pole as much below it; and the ſame is true of any 
other diſtance until one of the poles be in the zenith, and 
nl WM then the equator coincides with the horizon. 
| Longitude is the diſtance of a place from the firſt meridian, 
alt'or weſt, reckoned upon the equator. All places in the 
atern hemiſphere are in eaſt longitude, and thoſe in the weſt- 
em hemiſphere are in weſt longitude. In this method of 
reckoning the longitude of a place cannot exceed 180%, whe- 
ther it be eaſt or weſt, becauſe theſe reckonings meet in the 
oppolite meridian. But ſome count the longitude from the 
irt meridian continually eaſtward round the whole globe, 
until the reckoning end where it began: in this way they 
ſpeak of places in 200 and 300 degrees of longitude ; and to 
zcommodate their method to the former, when the longi- 
tude exceeds 189), ſubtract it from 360, and the remainder 
i welt longitude. 

The longitude of any place 1 Is an arch of the * be- 
tween the firſt meridian and the meridian of that place; and 
may be expreſſed in time by accounting 15 degrees of the 
equator one hour, every degree 4 minutes, and every minute 
ſeconds. 
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When circles parallel to the equator are ſuppoſed to h 
drawn on the earth, they are called parallels of latitude: one gf 
them is ſuppoſed to paſs through every point between the 
equator and the poles. Only a few of them are drawn on 
the artificial globe ; but on maps of the world there is com. 
monly one at every 1oth degree of latitude. Their centres 
are in the earth's axis, and their ſemidiameters are the coſine; 
of the latitude. Their circumferences decreaſe continually a 
their diſtances from the equator increaſe ; and becauſe th 
circumference of every circle contains the fame number of de. 
grees, the degrees on the parallels of latitude decreaſe yuti 
they vaniſh at the poles. 

The length of a degree of longitude on the equator is 6g 
geographical miles; but a degree on the parallel of 60 degres 
of latitude is only one half of that, or 30 miles: and ſuppo- 
fing that the earth is a perfect globe, and a parallel of lat 
tude drawn through every degree of the meridian, the num. 
ber of miles and decimals of a mile in one degree, on every 


mos of latitude, is extubited in the n table: 


— mn cate 


A T4 
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A T ants ſhowing the Number of Miles in a Degree of Longi- 
tude, when reckoned on I Parall.! ! of Latitude, from the 
Equator to the Poles, | 


egr. 1 I Degr. ; {| Degr | . 
per. | Mites. I. | Miles, || 248" | Mites. |; 
o | 60.00 31 51.43 62 28.17 
74 59.99 32 $0.88 {| 63 27-24 |} 
2 | 59-96 33 | 50-32 || 64 | 26.30 | 
3 | 59-92 34 | 49-74 65 | 25:36 | 
4 | 59.86 35 49.15 66 24-41 | 
S | 59-77 |j_36 | 48.54 || 67 23.49 
6 | 59-67 || 37 | 47-92 || 68 | 22.48 
7 59.56 38 47.28 69 21.50 
8 59.42 39 46.62 70 20. 592 
9 | 59.26 40 | 45: 95 71 | 19.54 
10 69.08 41 45-28 72 „ 
1138.89 42 | 44-59 ] 73 [17.54 
12 | 38.68 43 | 43-38 74 | 16.53 
13 | 58.46 44 | 43-16 || 75 | 15-52 | 
14 | $58.22 45 | 42-43 || 76 [14.51 
is | 57-95 || 46 | 41-68 Z. I. 13-50 | 
16 57.67 47 40.92 78 12.47 | 
1757.37 || 48 | 40-15 79 | 11:45 {| 
| 18 57.06 49 39-36 ||- 80 10.42 
19 | 56.73 50 | 38:57 81 9.38 
20 56.38 _$1_}_ 37-76 32 8.35 
21 | 56.01 52 | 36.94 || 83 7.43: | 
22 | $55.63 || 53 | 36.12 84 6.28 
235523 54 | 35-26 85 $-23 | 
24 54.81 55 | 34441 86 4.18 
2 4.38 56 | 33-55 87 23.14 
2633.95 57 32.68 || 88 2.09 | 
27 | 53-46 || 58 31.79 89 1. 05 
28 52.97 59 | 30.90 90 0.00 | 
29 52.47 60 30. 0 
39 | 51.96 || 61 29.09 


| equinoctial i is called its declinalion, which in all reſpe&s iz the 
ſame with /a/itude on the earth; for it is an arch of the er. 
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The diſtance of any point or ſtar in the heavens from th 


leſtial meridian between the ae and the ſtar, and; 
either north or ſouth according as the flar is on the north q 
fouth fide of the equinoctial. 

Parallels of latitude on the earth being extended to the 
heavens are called parallels of declination, and are the apparent 
diurnal paths of the ftars. 

Four of the parallels of latitude and declination are re, 
merkable, and diſtinguiſhed by particular names, viz, the twy 
tropics and the tavo polar circles. 

The tropics are on different ſides of the equator, each d 
them being 234 degrees diſtant from it. That which is in 
the northern hemiſphere is called the tropic of Cancer, becauk 
it touches the ecliptic in the beginning of the fign Cancer; 
and the other in the ſouthern hemiſphere is called the troy 
of Capricorn, becauſe it touches the ecliptic in the beginning 
of the ſign Capricorn. Theſe two circles are the limits df 
the ſun's declination, 

The polar circles are deſcribed round the Va at the dif. 
tance of 23 degrees. That on the north is called the arti 
tircle, from the name of a conſtellation in the heavens through 
which it paſſes, and hence we call this the ar#ic pole; the 
other at the ſame diſtance from the ſouth pole is called the 
antarei circle, as being oppoſite to the former; and for the 


ſame reaſon this pole is called the antar&ic pole, 


In all places af the earth between the polar circles the ſu 


riſes and ſets daily, dividing the 24 hours into day and night; 


but within the polar circles there are times of the year when 


the ſan neither riſes nor ſets ; for within the arctic circle, 


while the ſun 1s on the north fide of the equinoQial, he ſhines 
on the north pole ſix months; in places near it he ſhines fire 


months without ſetting; and in other places he ſhines four, 
three, two, and one month, according as they are near to or 
further 


further f 
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further from the pole; and when the fun is on the ſouth fide 
of the equinoctial, he is as long invilible, being below the ho- 
rizons of theſe places. And the ſame is the caſe in places 
nthin the antarctie circle,” according as the ſun is on the 
ſouth or north fides of the equinoctial. Hence at the poles 
the year conſiſts. only of one day and one night; therefore 
the polar circles are the limits of all that ſpace on the carth's 
ſurface where the ſun riſes and ſets every day. 

The tropics and polar circles divide the ſurface of the 
euth into five parts called zones, viz. one torrid, two tempe- 
nte, aad two frigid zones. 

The ſpace between the two tropics, having the equator in 
the middle of it, is called the torrid zone, on account of the 
aceſſive heat of the ſun ; for he is vertical to every part of it, 
twice every year: and although he is ſtill moving ſlowly 
northward or ſouthward, he continues nearly vertical to the 
ame place for ſeveral days together, and is never very far 
from that poſition in compariſon of ſome other places of the 
earth. This zone is the largeſt of the five, being 47 degrees 
broad; and comprehends a part of Aſia, a great part of 
Africa, and South A with the e ſeas and 
lands, 

The inhabitants of the torrid zone have the fun foretimes 
to the ſouth and at other times to the north of their zenith 
at noon ; and therefore their noon-day ſhadows fall towards 
the north or towards the ſouth according to the poſition of 
the ſun, and for this reaſon they are called amphiſcians. When 
the ſun is in the zenith at noon, the inhabitants have no ſha- 
dow, and therefore are called"aſcians or ſhadowvleſs. 

Beſides what is already mentioned, there are ſeveral other 
things peculiar to the torrid zone, fach as the tenden, 
monſoons, ſea and land breezes. 

The trade-winds blow always from ſome point near the 
eaſt: On the north ſide of the equator they blow from near 
north-eaſt towards ſouth-weſt : on the ſouth ſide of the equa- 

| E tor 
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tor they blow from ſouth-caſt, and about the equator from 


eaſt ; but here the winds are ſometimes variable, and there 
are frequently calms which continue days or weeks withont 
any wind at all. The trade-winds extend beyond the tro. 
pics to the latitude of 30 degrees north and ſouth. 

The monfoons are periodical winds which blow ſix months 
from near north-eaſt towards the ſouth-weſt, and other ſix 
months in the oppoſite dire&ien. 'The change happens about 
the time of the equinoxes, and is accompanied with great 
winds, thunder, and rain. 'The monſoons are felt only in the 
Indian ſeas on the coaſts of Aſia, and do not extend abore 
200 leagues from the land, 


The ſea and land breezes blow from noon till midnight - 


from the ſea, and from midnight till noon from the land, and 
extend only a few leagues from the ſhore, It is not eaſy to 
aſſign the true cauſe of theſe periodical winds. In the tor 
rid zone the year is not divided into ſummer and winter as 
it is in the temperate zones, but into the dry and rainy ſea- 
ſons : their worſt weather a when the ſun is in or near 
their zenith. 

The temperate zones are next to the torrid, one on the 
north and the other on the ſouth ſide. They are called ten- 
PHerate, becauſe in them the air is neither ſo hot as it is in the 
torrid zone, nor ſo cold as in the frigid zones, but a mean 
between both. 

The ſpace between the tropic of Cancer and the ar&ic 
circle is called the north temperate zone : it is 43 degrees 
broad, and comprehends almoſt all Eurape, the greateſt part 
of Aſia, a ſmall part of Africa; and a great part of North 
America, with the adjacent ſeas and iſlands. In this zone 
the ſun being always ſouth of the zenith, the ſhadows of the 
inhabitants fall northward at noon. The days and nights 
are unequal, except at the times of the equinoxes. The winds 
are variable ; and blow from every point of the. compaſs at 

different 
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different times, but more frequently from the welt than from 
any other point. 
The ſpace between the tropic of Capricorn and the an- 
tarctie circle is called the ſouth temperate zone 5 which is alſo 
43 degrees broad, and comprehends a ſmall part of Africa 
and of South America, with a part of New Holland, as alſo 
the adjacent ſeas and iſlands. Here the days and nights are 
always unequal except at the equinoxes : the winds are va- 
rable ; and the ſun being always north of the zenith, the 
rue e or the inhabitants fall continually ne 
ward. 8 
The johabitants of the temperate 2 zones are called Heteraf: 
cians, ben their noon-day . fall always the ſame 


way: 

The pace” dee by the arftic circle having the 
north pole in the middle of it, is called the north frigid zone, 
on account of the intenſe cold which prevails there. Reck- 
oning from any point in the ar&ic circle to the oppoſite point 
of the ſame, -this zone is 47 degrees broad, and contains a 
very ſmall part of Europe and of Afia, Eaft and Weſt Green- 
land, with Nova Zembla, and ſome unknown parts of North 
America. 'There is very little habireble land here, and very 
few inhabitants. 

The ſouth frigid zone is the 3215 ee by the 
antarctic circle, which in extent and all other reſpects is the 
ſame with the north frigid zone, only we know of no land in 
the ſouth frigid zone. Mariners who have been far ſouth, 
lay that the cold is more intenſe in high ſouth Tubes r 
in the ſame degrees of north latitude. 

The inhabitants of the frigid zones are called Periſcions ? 
becauſe when the ſun is continually above their horizon, their 
ſhadows fall towards every point around them in the ſpace of 
24 hours. 

Beſides the diviſion of the earth's ſunface into zones by 
the tropics and polar circles, another diviſion of it has been 

made 
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made into parts leſs than the former, by cies parallel to 
the equator, called climates. 

A climate is a tract of the earth's: ſurface, revived 
tween the equator and a parallel of latitude, or between two 
parallels of latitude, and of ſuch a breadth that the length of 
the longeſt day on one fide of jt exceeds that in the other by 
half an hour, This is true of all the climates} between, the 
equator and either polar circle ; but within theſe circles in 
the frigid zones the breadth of a climate is ſueh, that the 
time of the ſun's continuance above the horizon in one of the 
bounding Os exceeds that time in the other by! one 
month. Sünde i 

At the e the 1 and . are « alway equal, each 
being 12 hours ; but in places ſituated north or ſouth of the 
equator,, the day and night are never equal except at the 
time of the equinoxes. When the ſun is on the ſame ſide of 
the equator with any place, the days there are longer than — 
hours and the nights ſhorter; and when the, ſun is on the 
contrary fide of the,cquator, the days are ſhorter. and the 
nights longer than 12 hours: and the farther any place us 
from the equator, the greater is the difference between the 
days and nights until we come to the polar circle, where the 
longeſt day is 24 hours ; for then the fun does not 25 but 
only touches the horizon at midnight, | 


If we move ſo far from the equator ret a * or out 


until the longeſt day be 123 hours, and draw a parallel of 
latitude through that place, the ſpace between the equator 
and that parallel is the firſt climate ; and if we go on from 
the equator towards either pole, until the longeſt day be 13 
hours, and there draw another parallel, the ſpace between 
this and the former parallel is the ſecond elimate; and by 
ſuppoſing parallels to be drawn ir the ſame manner through 
every place, where the longeſt day exceeds that in the former 
parallel by half an bour, until we come to the polar circle, 
we ſhall have 34 climates between the equator and the arctic 


+ 


bam circle, 
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circle, and as many between the equator and the antarctie 
circle, or 48 climates reckoned by half hours. | 
At the polar circles the longeſt day is 24 hours; but 
within them, towards the poles, the ſun continues above the 
horizon for - ſeveral days or months without ſetting, in- 
creafing towards the poles, where the longeſt day is fix 
months. | 0! 6 

If we move Feds either polar citele toward the neareſt 
pote to the place where the ſun continues one month above 
the. horizon, and there draw a parallel of latitude, the ſpace 
between the polar cirele and this parallel is the firſt month 
climate; and in the ſame! manner, by fuppofing. parallels 
drawn through the places where the ſun edntinues 2 months, 
3 months, &c. above the hotizon, we ſhall have ſix climates 
within each polar circle, or 12 climates reckoned by months, 
which with the 48 reckoned. Bf half 2 Fey 50 climates 
o 93 
Theſe climates debe anlliss y (in breadth the farther 
they are from the equator, The paraltet of latitude in which 
they begin and end, with their See 1 is exhi- 
bited in the 8 OY table. ED 
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Cumares betaween the Equator and the Polar Circles. 
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20 22 65 47 
212266 6 
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C ces TEs betaveen the Polar Circles and the Poles. 


In this table both the hours and latitudes anſwer to the 
parallel where the climate ends: For example, the firſt cli- 
mate begins at the equator and ends in latitude 8 25, and 
there the longeſt day is 124 hours, 
gins at 8* 25' and ends at latitude 16* 25, where the longeſt 
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D. M. 
67 21 
69 48 
| 73 37 
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day is 13 hours; and ſo on in the reſt. 


The ſecond climate be- 
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II. Of the Echyti, in Stcondarie, and Parallel 


Tux echptic is the annual path of the earth Wund the ſun, 
or the apparent annual path of the ſun in the heavens: for 
wherever the earth is in its orbit, a ſpectator on it will ſee 
the ſun in the oppoſite point of the ſame cirele. 

This circle is named ecliptic from the word eclipſe ; becauſe 
the eclipſes of the ſun and moon never happen but when the 
moon is in or near its plane. One half of the ecliptic lies on 
the north fide of the equinoctial, and the other half on the 
ſouth. The interſections of theſe circles are called the egui- 
no@ial points, where they form an angle of 23 degrees 28 mi- 
nutes, which is named the obliguity of the ecliptic. One of 
theſe points is called the vernal equinox and the other the au- 
tumnal, When the ſun is in either equinox, both poles of 
the earth are enlightened, and all places of the carth have 
equal day and night. 

There are two points of the ecliptic equally diſtant from 
the equinoctial points, and fartheſt from the equinoQual 
circle, called the ſolſtitial points : that on the north of the 
equinoctial is named the ſummer ſolſtice by us who dwell on 
the north fide of the equator, and the other on the ſouth the 
winter ſolſtice. In the diurnal rotation of the earth, the fol- 
ſtitial points deſcribe the two tropics, and the equinoctial 
points deſcribe the equator, 

The ecliptic, like all other circles of the ſphere, is divided 
into 360 degrees, and is farther divided into 12 equal parts 
called figns, each ſign containing 30 degrees, which begin at 
the vernal equinox, and are numbered eaſtward round the 
whole circle, 

The names and characters of the ſigns, with the months 
_ when the ſun enter them, are as follow: 


1. Aries 


x We _ 


* 
VS Res 
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1. Aries March 7. Libra A September 
2. Taurus N April 8. Scorpio m October 
3. Gemini II May 9. Sagittarius + November 


4. Cancer S oped: 10. Capricornus j December 
FN Len -N. Ju t. = A% January 


_— * den 12. Woes + * en 


The foo is in 9 of the "G4 M on the 20th of 
March; which is the time of the vernal equinox; and he en- 
ters each of the ather ſigns n the . my of the — 
but not exactly ſoa. 

The ecliptic dirides. the viſible heavens into this northern 
and ſouthern hemiſpheres, but ſome 1 the Zodiac between 


| theſe hemiſpheres: | + 


'Fhe figns are divided into the ale lad founkern; 0 


alſo into the aſcending and deſcending. The firſt ſix are call. 


ed the northern ſigns, becauſe they are all on the north fide of 
the equinoctial; and the other fix are called /uthern figns, 
decauſe they are ſouthward of the equinoctial. The aſcend- 
ing ſigns begin at the moſt ſoutherly point of the ecliptic, 
and extend to the moſt northerly, vix. Capricornus, Aqua- 
xius, Piſces, Aries, Taurus, Gemini; the other ſix are called 
deſcending  figns, viz. e E. Virgo, Libra, sent 
Sagittarius. 

The meridian which paffes Amongch the iss d points 
is called the eguinoctial colure, and that which paſſes through 
the ſolſtitial points is called the ſolſlitial colure, Theſe meri- 
dans cut each other at right angles in the poles of the equi- 
noctial, and divide the echptic and equinoctial, as alſo the 
whole viſible heavens, into four equal parts. The equinoctial 
colure may be called the firft celgſtial meridian, becauſe the 
longitudes of the ſtars are reckoned from it, and the ſolſtitial 


colure cuts both the ecliptic and equinoctial at right 


angles. 
The poles of the ecliptic are points in the ſolſtitial colure 
23 de- 
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23 degrees 28 minutes diſtant from the poles of the equinoc · 
tial. While the earth turns round its axis, the o_ a the 
ecliptic deſcribe the polar cirele. 

Great circles paſſiug through the poles of tha 3 
it at right angles, and are called its ſecundaries: but leer 
ſpect to the heavens, are called circles of longitude. © : 

The longitude of a flar, or of any point ĩn the n 
an arch af the ecliptic, between the vernal equinox: and the 
eircle of longitude, paſſing erden = _ or em 
oned in the order of the ſigns. | 
The latitude of a flar-is its Aken * theedliptic, l 
oned on a circle of longitude, paſſing through the ſtar ; [and 
is either north or ſouth, according as Wo ſtar i is on the n 
or ſouth ſide of the eclipt ie. 

Small circles parallel to the ib 0 ar called r of 
latitude in the heavens: One of them is ſuppoſed to paſa 
through every e of the ſolftitial So or of * ne 
of longitude. 45 

The zodiac is 2 3 af 16 n broad i in uche Llanes 
viz. 8 degrees on each fide of the ecliptic; contained between 
two parallels of celeſtial latitude. The orbits of all the pla- 
nets are within the zodiac, and the fixed ſtars in it are divi- 
ded into 12 conſtellations, having the ſame names with the 
ſigns, and in former times ſituated in the ſame places: but 
now in a different ſituation ; for by a flow motion of the 


equinoQual "Pp weſtward, called the preceſſion of the equi- 


noxes, the ſtgrs appear farther eaſt than formerly; ſo that the 
conſtellation Piſces is now in the ſign Aries, and the conſtel- 
lation Aries is in the ſign Taurus, &c. 

A conſtellation is a number of ſtars ſituated in the neigh. 
bourhood of one another on the ſurface of the celeſlial 
' ſphere 3 which aſtronomers, for the ſake of numbering them 
with greater eaſe, ſuppoſe to be circumſcribed by the out- 
lines of ſome animal or other figure ; by this means the mo- 

F | tions 
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tions of the planets and comets are more readily deſcribed 
and compared. 

The fixed ſtars are divided into fix claſſes; of as many dif. 
ferent magnitudes. Thoſe that appear largeſt, occaſioned 
probably by their being nearer to us than the reſt, are called 

flars of the firſt magnitude 5 and the next to them in bigneſs 
are ſaid to be of the ſecond magnitude; and ſo on until we 
come to ſtars of the fixth magnitude, which are the ſmalleſt 
that can be ſeen by the naked eye. Beſides theſe, there are 

a vaſt number which cannot be ſeen without a teleſcope; and 
theſe are called teleſcopic fart. There is no other rule for 
claſſing the ftars but the eſtimation of the obſerver ; and 
hence it is that ſome aſtronomers reckon thoſe ſtars of the 
firſt magnitude which others eſteem to be of the ſecond. 
The number of conſtellations is 78, each containing ſeve- 
ral ſtars of different magnitudes. The names of the conftel: 
lations; and the number of ſtars in them, is contained in the 
following tables; where they are diſtinguiſhed into three 
heads, viz. the conſtellatiens in the zodiac, in the northern 


and ſouthern hemiſpheres. 


TaBTE I. 


FL LL uaMHDApRSHESOLPOM] 
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TasTIE I. CovsrEEZATioxs in the Zone, 


lumber || 
| Names. apo N Names. . 
Taurus 109 Scorpio 444 
Gemini 94 (Sagittarius 48 
Cancer J || Capricornus - {- 58 
Let: is» 91 Aquarius 93 
Virgo 93 || Pifces - - | 110 


Tape II. Norra ConsTeLLATIONS. 


HER” ber | | 
LES CCIE= 
— I ww MM. — — | 

Little Bear - 12 || Camelopardalus |. 23 
Great Bear 105 || Serpent - 50 

Draco - 49 || Serpentarius 67 
Cepheus  - _ JM... Sobieſki's Shield | 8 

| Grey Hounds _ 24 || Eagle — 29 
Bootes - 53 || Antinous + 34 
Mons Mcenalus IT || Dolphin | 18 
Berenice's Hair „ [% 
Charles's Heart 3 [Arrow i 
Northern Crown 11 Andromeda 66 
Hercules 92 || Perſeus '- J 67 
Cerberus 9 Pegaſus 81 
Har 24 || Auriga 46 
Swan | 75 | Lynn - = 88 
enn 29 [Little Lion 20 
G6 10 || Great Triangle | 10 

- | Lizard «© +» 12 || Little Triangle 5 

Caſſiopeia 52 || Muſca - 6 


TaBLE III. 
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Taznue III. So vr ConsTELLATIONS. 


— — 


Eridanus 72 
| Phenix -- 


ST 


Southern Crown | 12 
13 || Crane - - > 134 


American Gooſe 9 Southern Fiſh- ivy 
Orion 93 || Hare - * |. 28 
Monoceros - | $32 || Noah's Dove 10 
Little Dg 14 [ Charles's Oak * . 
Hydra 53 Ship Argo 48 

| Sextans Uraniz | 4 Great Dog 29 15 
Cup öoſ 111 — OP: 

Crow ß, 8 || Swallow =» 11 
Centaur = 36 1 In&w; - 14 12 
Wollt | 36 [ Chameleon © 10 
Art Flying Fin 7 

| { Southern Triangle 5 Sword Fiſh - 7 


TazLt IV. The Consrgiiations, with the Number of Sr 
e the ſeveral Matt contained in them. 


[Conſtcllations in the zodiac 12 
In the northern hemiſphere 36 
In the ſouthera hemiſphere 30 


BL 


© * — 
— — 
* 


* 


There are but few Rars of the firſt and ſecond magnitudes 


in compariſon of the others ; and in places above 50 degrees 
af north latitude only about 45 of theſe can be ſeen. 
| Some 


S Number | Number 

Names. of Stars. | | Names. of Stars. 
ms —— m___4 b 
Whale 80 |] Peacock ” 14 
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Zome ſingle fixed ſtars have names, ſuch as Aldebaran, Be- 
telgueſe, Sirius, Caſtor, &c. alſo ſome cluſters of ſtars, as the 
Pleiades or ſeven, ſtars in the conſtellation Taurus, &e. 

The conſtellations have been delineated on globes - called 

artificial celeſtial globes, and alſo on maps of the heavens called 4 

hemiſpheres e and in theſe repreſentations the ſtars are diſtin- 

guiſhed by the letters of the Greek alphabet; thus the 
letter is affixed to the largeſt ſtar in each conſtellation ; the 
ſecond letter to the next largeſt ; and ſo on through all the 
ſtars in that conſtellation, whereby any ſtar is cafily pointed 
out. | N 

Aſtronomers obſerve, that ſeveral ſtars mentioned by the 
ancients have diſappeared, and are not now found in the hea- 
vens; and alſo that ſeveral ſtars are viſible in our times 
which were not ſeen by the aſtronomers of former ages; 
and, finally, that chere are ſtars which appear and diſappear 
periodically. 

The right aſcenſion of the ſun or any ſtar is an arch of the 

equinoctial intercepted between the vernal equinox and the 

meridian paſſing through the ſun or ſtar, and may be ex- 
preſſed either in degrees or in time, allowing 15 degrees to 
an hour. f e 


III. Of the H orizon, its Secondaries, and Parallelt. 


Ir from any given point on the ſurface of the earth a a 
ſtraight line be drawn through its centre, and produced infi- 
nitely both ways, it will meet the viſible heavens in two op- 
poſite points, whereof the one neareſt to the given point is 
called the zenith, and the other the nadir ; therefore the ze- 
nith of any place on the earth is the point in the heavens di- 
realy over the head of the ſpectator, and the nadir is the. 
point in the heavens diametrically oppuſite to the zenith. 
There are two horizons, the IC ſenſible, 


The 


- 9 — 
— ws” 
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The rational horizon is a great circle in the heavens, whoſe 


plane paſſes through the centre of the earth, dividing the 


heavens into the upper and lower hemiſpheres: its poles are 
the zenith and nadir, 

The /en/ible horizon i is parallel to the rational ; its plane 
touches the earth in the place of the ſpectator, and its cir- 
cumference is the boundary of his view. The centre of the 


rational horizon is the ſame with the centre of the earth, and 
the centre of the ſenſible horizon is the eye of the ſpectator. 
The diſtance between the two horizons is the ſemidiameter 


of the earth, which is near 4,000 miles; but this diſtance is 
only a point when compared to the diſtance of the ſun and 
fixed ſtars ; for when the centre of the ſun or of any ſtar is 
at the rational horizan, it is ſeen at the ſame moment in the 
ſenſible horizon; but the moon being very near the earth in 


reſpe& of the ſun and ſtars, comes firſt to the rational hori- 


zon at riſing, and after ſome time appears in the ſenſible. In 


what follows we ſpeak of both theſe horigaay. as one and the 


fame circle. 
Circles which pafs through the zenith and nadir of any 


place cut the horizon at right angles, and are called its ſe- 


condaries ; but with reſpect to the heavens, they are called 
verlical or azimuth circles. One of them is ſuppoſed to paſs 


through every. point of the horizon; or there may be as ma- 
ny azimuth circles as there are points in the horizon. 


There are two principal vertical circles, viz. the meridian 
and the prime vertical, which cut each other at right angles 
in the zenith, and divide the horizon into four equal parts or 


quadrants, The meridian paſſes through the north and ſouth 


points of the horizon, and the prime vertical through the eaſt 
and weſt points of it. Each quadrant of the horizon is far- 
ther divided into eight eqaal parts, or the whole into 32 
parts, called points of the mariner's compaſs, whereby the poſi- 
tion of places on the earth is known, and by theſe and the 

magnetic 


ſituate 
declin; 
being 
every 
but in 
z0n c 
places 


parts 


Tur DOCTRINE or rur SPHERE. 39 
magnetic needle ſailors are enabled to find their way through 


the ocean from any place to any other. 

In all places of the earth, except the two poles, the hori- 
zon cuts the equinoctial into two equal parts; and in places 
ſituated on the equator, the horizon cuts all the parallels of 
declination into two equal parts, one half of each parallel 
being above and the other below it; and hence the ſun and 
every ſtar is 12 hours above and as long below the horizon; 
but in places between the equator and polar circles, the hori- 
zon cuts the parallels of declination into unequal parts. In 
places between the equator and the elevated pole, the greateſt 
parts of theſe parallels are above the horizon; and in places 
between the equator and the depreſſed pole, the leaſt parts 
are above, and the greater parts below, the horizon. The 
parts of the parallels of declination which are above the hori- 
zon of any place are called diurnal arcs, and the parts below 
are called nocturnal arcs. 

By the diurnal motion of the earth, the ſun, or any obje& 
in the heavens, appears firſt at the horizon in the eaſt, when 
it is ſaid to riſe; from thence it aſcends continually till it ap- 
pears in the meridian, where, being at its greateſt altitude, it 
is ſaid to culminate ; and then it deſcends until it diſappears 
or ſets in the weſt. 

'The ſun, or any ftar in the * cirele, riſes due 
eaſt, and ſets due weſt, to all places of the earth, except the 
poles; but in places having north latitude, the ſun, or a ſtar, 
which has north declination, riſes between eaſt and north, 
and ſets between weſt and north; and a ſtar which has ſouth 
declination, riſes between eaſt and ſouth, and ſets between 
weſt and ſouth. The diſtance of the ſun or any ſtar from 
the eaſt at riſing, or from the weſt at ſetting, is called its am- 
plitude; which is always of the ſame name with its declina- 
tion. The ſun or a ſtar, when in the equinoctial, has no am- 
plitude. 

The amplitude of a fixed ſtar continues the ſame for many 
years; 
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years; but the een of the ſun and planets vary with 


their declinations. 

Stars, whoſe Leeden are leſs chin the — of 

the latitude of the place, riſe and ſet every natural day; but 
thoſe ſtars, whoſe declinations are of the ſame name with the 
latitude, and greater than its complement, neither riſe nor 
ſet, but are continually above the horizon, or within the eir. 
cle of perpetual apparition ; and ſtars, whoſe declinations are 
of a contrary name to the latitude, and greater than its com- 
plement, are always below the nn or within * circle 
of perpetual occultation. 
The horizon of any place, and the ecliptic, being” great 
circles of the ſphere, biſe& each other. That point of the 
ecliptic which is at the eaſtern part of the horizon, is called 
the aſcending point; and the oppoſite point at the weſtern part 
of the horizon is called the deſcending point; and the point of 
the ecliptic in the middle between theſe two is called the 
goth degree, which is the higheſt point of it at that time. 

The angle contained between the ecliptie and horizon va- 
ries continually, and the altitude of the goth degree is n 
the meaſure of this angle. 

The point of the ecliptic which is on the meridian at any 
time is called the mid. heaven, and the point of the equinoctial 
then on the meridian marks its right aſcenſion. 

The altitude of the mid-heaven is found by adding or ſub- 
tracting its declination to or from the complement of the lati- 
tude of the place, according as they are of the ſame or a con- 
trary name. 15 

The point of the equinoctial which riſes with the ſun or 
any ſtar is called its obligue aſcenſiun, and that point of the 
fame circle which ſets with the ſun or any ſtar * its ob- 
lique deſcenſion. 

In places ſituated on the equator, the oblique aſcenſion or 
deſcenſion of the ſun or any ſtar is always the ſame with the 
right aſcenſion ; "but in all other places they differ, and the 

| difle- 
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— between the right and oblique aſcenfion is called 


the aſcenfional difference 3 which, with reſpe& to the . is the 
time be riſes before or after fix Oclock. | 


The altitulle af the ſun, or of any ſtar, is an a of 3 


vertical circle, paſſing through the centre of the ſun or ſtar, 
intercepted between it and the horizon. If the ſtar be on 
the »meridian, its altitude is the meridian be e and it its 
= FH is called the zenith diflance. | 

The azimuth:of the ſun, or of any ſtar, is an 2 of the 
N reckoned from north or ſouth to the vertical eirele 
which paſſes through the centre of the ſun or ſtar. V a 
ſtar is on the meridian it has no azimuth, + : 

Small circles parallel to the horizon, een it "nn the 
tenjth; are called almicanthers or parallels of altitude ; -one-of 
them 1s ſuppoſed to paſs through every point of the meridian 
or of the prime vertical. Phey decreaſe. in WIN asthey 
approach to the zenith. 

The terms right ſphere, parallel PPE = oblique Pe, 
ariſe from the poſition of the ſeveral. circles with nn a 
ſpectator ſituated i in different places of the eartn. 

If a perſon be on the earth's equator, the poles are in vs 
We the equinoctial paſſes through his zenith, and cuts 
the horizon at right angles; alſo all the parallels of deelina- 
tion are at right angles to the horizon; and therefore this po- 
ſition is called a right ſphere, wherein the days and nights are 
always equal to one another, and every ſtar is 1 2 hours above 
the horizon, and appears to move in a itch . 
to it. 

If a perſon he: at dither of the earth's. ben one- of the ce- 
leſtial poles will be in his zenith and the other in his nadir; 
the meridians will be verticał circles; the equinoctial will co- 
incide with his horizon, and all the parallels of declination 
will. be parallel to his horizon; and therefore this poſition is 
called a parallel ſphere, wherein the year conſiſts of one day 


and one night, each heing ſix months long; becauſe half -of | 


(z - the 


a * 
* 
— — — — — ¶ — —— —— e — 
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* 
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the ecliptic is above and the other half below the horizon, 


and all the ſtars will deſcribe circles parallel to it. 


But if a perſon be on any place of the earth Ee the : 
- equator and either pole, the equinoctial and all its parallels - 


will cut his horizon obliquely ; and therefore this poſition is 


every place of the earth has the ſame _—_ a the "O's 
light. 


called an oblique ſphere; where the days and nights are never 


equal except at the time of the equinoxes, but the ſum of all 
the days of the year will be about ſix months; therefore 


In places near thas ſector, the znhabitants: FIEN n a 
right ſphere : among theſe we may include the whole torrid 
zone. The obliquity of the ſphere increaſes with the latitude 


of the place, until we come within a few degrees * the Ln 
and there it is nearly a parallel ſphere. 


The inhabitants of the earth, with reſpect to thee relative 


ſituations, are diſtinguiſhed ts the names CY en and 


Antipodes. 


If any place be taken. on the och W the equator 
* the pole, and a parallel of latitude drawn through it, the 
periæci of that place is in the oppoſite point of that parallel. 


A place and its periæci are in the ſame latitude but oppoſite 


meridians 3 their difference of longitude is 180 degrees ot 


12 hours. They have ſummer and winter at the ſame time, 


but oppoſite hours; for when it is n in the _ it is 


midnight in the other. 


0s of ſouth latitude, a 


- ſame time 


when it is ſu 


If a place be taken at ſome Ae "Rs tha equator and 
poles, its antæci is in the ſame meridian, and at the ſame di- 
ſtance from the equator, but on the other ſide of it: For ex- 
ample, if a place be in 5o* of north latitude, its antæci is in 
under the ſame meridian. A. place 
and its antæci have,noon-day and every other hour at the 
: but they have oppolite ſeaſons of the year; for 


mmer in the one it is winter in the other, and 
the days in She one are equal to the nights in the other. 
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If a place be taken anywhere on the ſurface of the earth, 
the place or point diametrically oppoſite i is its antipode, A 
place and its antipode are oppoſite 1 in all reſpects. The days, 
nights, and ſeaſons, are in oppoſite times; the zenith of a 
place is the nadir of its antipode; and if two men ſtand in 
places that are antipodes to each other, the feet of the one 
will be oppoſite to the feet of the other, and their heads will 
point towards oppoſite points in the heavens. 

The ancient poets mention three different riſings and ſet- 
tings of the ſtars, viz. the coſmical, achronical, and heliacal ; 
where the words riſing and ſetting have a —_— NH Ie 
from that in common language. 5 

A ſtar is ſaid to rife or ſet coſmically when it riſes or lets 
in the morning at ſun- riſing. 

A ſtar riſes achronically when it riſes at the time of ſun- 
ſetting, and ſets achronically when it ſets at ſun-rifing ; ; that. 
is, when it is in oppoſition to the ſun, 

A ſtar riſes heliacally when, after being hid in the fun” g 
ſplendor, it is again at ſuch a diſtance from him as to be- 
come viſible in the morning before ſun-riſing ; and a ſtar ſets 
heliacally when the ſun is ſo near as to render it inviſible, 

The common ſeRion of the planes of the meridian. and ho- 
rizon is a ſtraight line, which when drawn on the earth is 
called the meridian line. 


Pack. I. To mark out the Meridian Line of any place, 


Ox any ſmooth ſurface which is level or parallel to the ho- 
rizon deſcribe a circle, and place a ſtyle in its centre perpen- 
dicular to the plane, of ſuch a length that the extremity of 
its ſhadow may fall on the circumference of the circle ſome 
time before noon-day ; mark the point where it falls. In 
the afternoon watch the time when the end of the ſhadow 
falls again on the circumference of the circle, and mark alſo 
that point. Biſect the diſtance between theſe marked points, 


and 
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and draw a ſtraight line through the centre and the biſcAing 

point, which will be the meridian line of that place. 
Having found the direction of the meridian line, ſome dif. 

tant hills or buildings way be fixed on to extend its length, 
In order to have a true meridian line, the operation ſhould 


be renewed on ſeveral different days; and thoſe near che time | 


ol the ſolſtice are the moſt proper? 


Pacos. IT. To find the Latitude of a place. 


Osnszrys the altitude of any fixed ſtar ſituated near the 
pole when it is on the meridian above the pole, and again 
when it is on the meridian below the pole; theſe altitudes 
being corrected by ſubtracting the refraction, taken out of 
the Table, p. 1 . half of their ſum is the latitude of the 
place. | 


the moſt proper time for this obſervation i is in the months of 
Decetnber and January : for any cireumpolar ſtar which is 
on the meridian in the evening above the pole will be again 
on the meridian below the pole at the ſame hour in the 
—_— and vile verſa. 

Stars which have the fame right afcenfion with the ſun 
axe on the meridian at noon- day; but thoſe ftars which have 

right aſcenſions different from the ſun's, come to the meri- 
dian after him; and here the hours are reckoned from 1 to 
24, becauſe the aſtronomical day begins and ends at noon. 
The ſun's right aſcenſion increaſes about one degree or 
4 minutes of time every day: but the right aſcenſion of a 
fixed ftar is the ſame for many days together ; ; the variation 
aps excreds 5 or 6 Waun, of none in a yeat. 


Px 08. 


In the northern parts of the world, ſuch as Britain, &c. 


Sur 


Sta 
Sui 
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PxoB. III. o find the Time 7 0 1 be Fi ved 8 Star wil 
be on the e ay Ae Day. 


Find the right abend of che don for the n r the 
given day, and of the ſtar for the year and month; then ſub- 
tract the ſun's right aſcenfion from that of the ſtar, the re- 
mainder is the time nearly: And 

As 24 hours is to the daily difference of the fun's gebe 
aſcenſion; fo is the hours in the remainder to a number which 
is to be ſubtracted from it; and the remainder wul be the 
true time when the ſtar is on the meridian, - 


Exam. What time is the bright ſtar of Pleiades on as 
meridian of Greenwich 3d December 179 5? ? : 
b. m. 


Sun's R. A. December 4th _ - 2 46 44 25 
Ditto - -. 0-58 16 39 16 
Daily difference „ „ 

DB. 6. 8. 

As 24:4 17 10 T7 58 
| Eat no h. m. 
Star's R. A. in time, December 1799 — 3 35 22 
Sun's R. A. in do. Decem. 5, at non 16 39 16 
Approximate time e e 56 6 
Subtract the equation - 71 4 "446 

Star on the meridian - T4 BY 10 64 8 


The bright "ol of Pleiades. is on 1 meth of Green- 
wich at 10 h. 54 m. 8 s. and the ſame ftar is on the meridian 
of any other place within 150 of longitude eaſt or weſt, of 
Greenwich very nearly at the fame time; the hours being 
reckoned in the meridian of that place, For the ſun's right 

. aſcenſion 
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aſcenſion varies only about 4 minutes in 24 hours, or 10 ſe. 
conds in 1 hour, or 15 degrees of longitude; 2 
differing leſs than 30? of longitude will have the ſame fixed 
ſtars on their meridians nearly at the ſame hours. But to 
find when any known ſtar will. be on the meridian of a given 
place, 

Find when the ſtar is on 4 meridian of Greenwich, and 
allow 10 ſeconds of time for every 15 of longitude ; which is 
to be ſubtracted from the time at Greenwich for places in 

weſt longitude, and added for places in eaſt longitude, 


Exam. What time is the ſtar Aldebarah on the meridian 
of Philadelphia, longitude 7518 W. or Sh. I m. 12 8. De- 
cember 3d 1795? 


h. m. 8. 

Star's R. A. in Decem. 1795 „ 4 24 13 
Sun's R. A. 1795 Decem. zd at noon 416 39 10 
1 „ 

For 11 h. 45 m. ſubtra rt 0 2 9 

Star on the meridian of Greenwich = 11 42 48 


For 5 hours weſt longitude ſubtract © o o 50 


Aldcbaran on the meridian. of Philadelphia 11 41 58 


. What time is the far Aldebaran on the meridian of 
Pekin in China, longitude 1167 21' 30 E. or 7h. 45 m. 268. 
Decem. 3. 1795 ? 


. h. m. 8. 
Aldebaran on the meridian of Greenwich 11 42 48 
For about 8 hours caſt longitude add « + 120 


Aldebaran on the 1 of Pekin . 44 8 


That! is, when 1 it is 11 b. 44 m. at Pekin, the ſtar Aldeba- 
ran is on the meridian, 


1. Hence 
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I. Hence it appears, that the ſame fixed ſtar is on the me- 


ridian of every place in any kingdom of moderate extent 
nearly at the ſame hour reckoned in that place, For fince 
there are only Io ſeconds of time between the times that n 
fixed ſtar is on the meridians of two places differing 15 de- 
grees in longitude, there cannot be above 5̃ or 6 ſeconds be- 
tween places whoſe difference of longitude is only ) or 8 de- 
grees; which being very ſmall, may be ſafely neglected. 

2. Any fixed ſtar is on the meridian at the ſame hour on 
the ſame day of the month for many years together; for. in 
40 years the difference will not exceed one or two minutes of 
time. 

The knowledge of the time when a fixed ſtar is on the 
meridian any given day, is of uſe both for learning to know 
the ſtars and for regulating clocks and watches. For if one 
knows what the meridian is and its ſituation in the heavens, 
and alſo the time when any ſtar will be on it, he needs only 
to look at the ſtar at that time, and obſerve its fituation with 
reſpe& to other ſtars, to know it again; becauſe the fixed 
ſtars retain always the ſame ſituation and e from each 
other. 

By practiſing according to this rule, all the remark- 


able ſtars viſible in the obſerver's hemiſphere may be 
known, 


The motions of clocks or watches may be examined, and 


their errors rectified, by this rule; for if the equation of 
time be applied to the apparent time when a ſtar is on the 
meridian, the mean time, which the clock ſhould ſhow, will 
be known, and conſequently its error diſcovered. For ex- 
ample, if one knows that the bright ſtar in Pleiades is on the 
meridian December 3d, at 10 h. 54 m. 8 s. apparent time, let 


him ſubtract the equation of time ꝙ m. 28 8. from 10 h. 


54 m. 8 s. and the remainder, 10 h. 44 m. 40 8. is the true 
mean time which the clock ſhould how when that ſtar is on 
the 
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the meridian; and ſince the time when any known ſtar is on 
the meridian any given night may be found in the ſame man- 
ner, this is he eaſieſt method. of regulating clocks or watch- 

es, and may be pracied ever by: 'mariners. at ſea or rand) 
lers on land. 0 ent 

The EAeisg table. va the 7g 3 and 75 
<linations of a few principal fixed ſtars, adapted to the be- 
ginning of the year 1796, with their annual variations; 
and alſo their meridian altitudes in latitude 56 degrees 

morth. : net giro Tao 10 . 1 1 1 1. NI v4 


are 


f 
— — be 3.25 ud 1941 
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'Tazle I. Of Right Afconſions, Declinations, and Meridian . 
|  Altitudes of Stars, in Latitude 56" north; 


| 


a 


V r 5 

3 of the SS 2 c | 5H Declinat. | 2-2 A. | 
5 . — — 1 
„Pegaſi Algenib 200 2443-51 2 55N|+20. 48 3 
Alruccabah Pole 2 o 50 240.0088 13 13 [19.6957 47N 
Androm. Mirach -|2 | o 58 22 3.30034 32 7 | 19-45Þ8 32 
Arietis - 2| 1 55 4313-33122 29 39 |+17-6c}56 29 
:Ceti, Menkar 2| 2 51 9813-14] 3 16 51 [|-+14-80j37 17 

3 Meduſa, a, Algol [2] 2 54 73.8 40 9 * + 4.6374 9 
Aldebaran” © - }1| 4 24 73] 3-42116 5 12 |+ 8.200. 
Capella «= 1] 5s 1384.45 46 24 f 5-21179.4 
Rigel = 15 4 422.800 8 26 538 — 4.885. 33 
Betelgueſe 1 44 7324 7 21 20N[+ 1-51141-21 
Sirius [16 36 10 2.66/16 26 47 S|+ 4-25[17-33 
Caſtor + 2| 7 21 33] 3-85132 19 10N|— 6.8566 - 5 
Fg, n, Lit. Dog|T| 7 28 353.140 5 44 42N|— 7-45[39-4 

Leo. Regulus] 1 | g 57 29] 3-14112 57 31N—17. 1946.5 

Ur. Major b | 8816 N| ale | Nl 
Upper Pointer 20 51 23.8852 51 oN|—19.:983. 9 
_ Urſa Maj. 2 


12 45 of 2.67];7 4 15N|—17.09188, 56N 
13 14 23.1310 5 28 5|+19.04j23, 54 


des Virginis 
155 59 44N|—19-0 NN. © 


ail, Urſa Maj. 


— 
ES) 
— 
wn 
— 
\O 
2 
2 
” 


Arcturus 114 6 23 2.72 20 15 33N 122 15 PAT: 
Antares 116 16 55 3.64025 57 50S|+ 8.84] 8. 2 
«Lyra Vega 118 39 1] 2.01]38 35 58N|-+ 2:54 b 
Altair 5 1019 49,48] 2.90] 8 20 12N|+ 8. 4442. 20 
Fomalhaut I | 
2 


22 46 20] 3.33030 41 54 S$|—18.97} 3.18 
22 54 3712-9 14 6 37 N. 19.20 99 

When the R. A. of a lar is wanted for any other year, 
multiply the annual variation by the difference between 1796 
and the given year; and if the given year is before 1796, 

ſubtract the product from the R. A. in the table; but if af⸗ 

ter it, add. 

For the declination of a ſlar for any year after 1796, mul- 
tiply the annual variation by the number of years, and add or 
ſubtract the product to or from the declination in the table, 
according to the figns + or -; and for years before apply 
the product 1 N to the ſign of the variation in the table. 

3 Taz: II. 


Pegaſi Markab 
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' Tanrs IT. Containing the Timer when ſome of the Star: in 
Table I. will be on the Meridian the firſt Day of every 


Month in the Year ; which will ſerve for any place in 
Britain. | 


Janvary 1. | Mach x. 
Names of the Stars. | h. m. Names of the Stars.] h. m. 
Arietis 7 #7 || Sirius — 7 43 
Gets Ss 8 3 || Caftor - 8 28 
Algol - 8 7 Procyon 8 35 
Aldebaran 9 35 |} Regulus {air 4 
| Capella - 10 12 [ Urſa Major 11 57 
| Rigel - 10 15 ] Alioth - I3 50 
| Betelgueſe - 10 6 [| Spica - 14 20 
Sirius | It 47 {jr Urſa Major 114 21 
Caſtor - 12 33 j| Arcturus 15 12 
Procyon 12 39 |] Antares 117 22 
8 1 ArziL I. 
. Regulus -. + 9-20 
| FznrUARY I. | : 
Aldebaran 7 23 N * 3 
Capella - 8 if}: £ 1 
Rigel — 8 4 1 12 27 
| B 5 3 » Uria Major 12 28 
| Betelgueſe 43 Arcturus - 13 18 
Sirius 9 35 || an 3 
| Caftor - 10 20 b 7 5 0 
Procyon 10 27 Mar . 
Regulus 12 56 || Spica 10 35 
iz Urſa Major | 13 49 , Urſa Major 10 37 
Aloth <- 15; 43 Arcturus 11 27 
Spica = 116 12 | Antares 13 37 


Note, Becauſe of the difference between the ſolar and ci- 
vil years, there is a ſmall variation in the ſun's R. A. on the 
ſame days of the month every year, and conſequently in the 
time when the ſtars come to the meridian; but this difference 
is ſo ſmall that it may be neglected in moſt caſes, and then 
the times marked in the table will ſerve for many years to 
come : but the intention of the table is not ſo much for the 
| preciſe time, as to aſſiſt one in knowing the ſtars. 

1 Fi : TABLE IL. 


n * 


; 4 5 


Ta DOCTRINE or ran SPHERE «of 


Tax II. Continued. 


* Wi NovemBzr TI. 
Names of the Stars. h. m. Names of the Stars.] h. m. 
1 | 1 | 
Arcturus - 9 2% Altair. ;.. 4326; 
Antares 11 35 || Fomalhaut 8 15 
Vega [13 47 ]] Markab 8 24 
e err, - 1 6&6 7 
Vega = | 11 43 || North Pole 10 19 
Altair - 12 54 ||-Arietis - | 11 24 | 
Ausr. « Ceti 44 
Vega - 9 39 || Algol - 12 23 
Altair - 10 50 || Aldebaran _ - | 13 52. 
| Fomalhaut I 13 55 || Capella - '| 14 30 
Markab | 14 3 || Rigel - | 14 33 
- DEPTEMBER 1. Betelgueſe | 15 12 
Vega 7 44 || Sirius 16 4 
Altair = -| 8 55 || Caſtor - 16 49 
Fomalhaut - | 12, © || Procyon | 16 56 | 
Markab -- 1% 8 - | EL 
| Algenib - 13 16 | DecenBrR I. 
North Pole | | 14 3 | ok 9 
{Andromeda ꝓ 14 11 Fomalhaut 611 
z Arietis * 15 9 Markab 236 20 
OcTosER 1. Algenib | 7 27 
Altair - 7 #7 || North Pole Star | 8 25 
Fomalhaut 10 12 [ſe Arietis - 9 20 
Markab - 10 20 [ſeCeti - - | 10 16 
Algenib 11 3 [ Algol - 10 19 
North Pole 12 16 || Aldebaran - | 11 48 


z Arietis - 13 21 || Capella =<- - | 12 25 
aCeti -  » | 14 16 || Rigel - [12 28 
Algo! _| 14 20 || Betelgueſe + 13 8 
Aldebaran =» | 15 50 || Sirius - | 14 © 
Capella | x6 26 || Caſtor - — | 14 55 
| Rigel - 16 29 || Procyon | 

{ Betelgueſe, | 17, 8 || Regulus 
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Stars of the firſt and ſecond magnitudes are viſible from 


about an hour after the fun ſets in the evening until an hour 
before the ſun riſes in the morning, when the ſky is clear. 


In the long nights of winter many ſtars may be ſeen on 
dhe meridian every night when the fky is free of clouds; but 
in the months of May, June, and July, the nights are ſo 
ſhort that few Rars are bbs. in places above 50 degrees of 
latitude. | 
Thoſe ſtars which arc on the tan at midnight in the 

month of December are inviſible in the month of June ; for 
then they are on the meridian about mid-day : and the ſame 
thing is true of the ſtars in any other oppoſite months of the 
year ſuch as March and September, &c. This is owing 
to the apparent annual motion of the ſun in the ecliptic. 
When it is required to nd out any ſtar contained in theſe 
tables in the heavens, 
Look for the ſtar in Table L and for its right aſcenſion 

and declination, If the ſtar be vifible the firft day of the 
month, the time it is on the meridian will be found in Table 

II.: and for any other day, the time when the ſtar is on the 
meridian may be found by the rule ; and having the time 
when the ſtar is on the meridian, it is only neceſſary to look 
to the heavens then, to find out the ſtar and diſtinguiſh it 
from the reſt, Any ſtar will be eaſier found in the heavens 
if! its meridian altitude is known. 


Nos IV. The Laiitade of the place and the Declination of 0 


Stur being given, 10 And the Meridian Altitude of the Star. 


Ir the latitude of the place and the declination of the ſtar 
are of the ſame name, that is, both north or both ſouth, add 
the declination of the ſlar to the complement of the latitude; 
the ſum, if leſs than go?, is the meridian altitude of the ſtar; 


but if the ſum be greater than 907, its ſupplement is the me- 


ridian altitude. 


if 


al 
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If the latitude of the place and the Ane of the ſtar 


are of contrary names, ſubtract the declination of the ſtar 
from the complement of the latitude, the nee is he 
meridian altitude of the ſtar. 

Note, If the declination of the ſtar is voor to or Ban 
than the complement of the latitude, and of a contrary name, 
the ſtar is never above the borizon of that place. 


Exam. 1. What is the meridian altitude of the ſtar Men- 
kar in latitude 51 28 39 north, in the year IIs s 


1 77 


Comp. of the latitude - - 38 31 21 
Menkar's declination north - - 3 16 51 
_ Anſwer „ 41 48 12 


2. Required the meridian altitude of the ſtar Bellatrix, 


Orion's Shoulder, at Edinburgh, latitude 55 is north, in 


the year 17997 a 


a © i 
Comp. of the latitude 9 - 34 2 © 
Declination of the Rar north 5 6 99 5 
Anſwer 40 11 5 


3. What is the mit altitude of the ſtar Fomalhaut at 
Rome, latitude 41 5 3 54” north, in the year ! 


9 
Comp. of the latitude - - 48 6 6 
Declination of the ſtar ſouth „5 514 © YO: S666 
Anſwer - - I7 24 12 


The altitude of a fixed ſtar, when it is on the meridian of 
any place, is nearly the ſame for many years, 


4- Required the meridian altitude of the ſtar Hy 
| Heart 


* 
as 
—„— — 
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Heart at the Cape of Good Hope, latitude 33* 55 15” forth, 
m the year 1796 ? 


| 1600, 51; Fig 

Comp, of the latitude =. - 5:5 1464-48 - 

Declination of the tar ſouth . -i 068 
Anſwer „ [x © 5t 


Pao. V. To find that Day of the Year when any Fixed Star 
will be on the Meridian at a given Hour; the Star's Right 
Aſcenſion being i. 


SUBTRACT the given hs from the ſtar's right aſcenſion; 
the remainder is the ſun's right aſcenſion on the day requi. 
red: which being found in a table of the ſun's right aſcen- 
ſion for every day in the year, the day will be known. 


2 1. It is required to find that day in the * 
1796 when the ſtar Aldebaran will be on the meridian at 
7 h. 23 m. 168. P. M.? 


2 h. m. 4 
The R. A. of Aldebaran 1796 is - 4 24 13 
Sudtract the given —_— — y 23 16 
The fun's R. A. is - 21 © 57 


Which anſwers to the iſt day of February. 
2. What day in the year 1796 will the bright ſtar of A- 


ries be on the meridian at 9 hours P. M.? Anſ. December 


_ 6th, 

| 3 | | b. m. & 
Star's R. A. 1796 is - I 55 43 
Subtract the given hour - 9.0: 6 

Sun's R. A. | - - 16 55 43 
Which anſwers to December 6th. | 
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3. What day in the year 1729 was the ſtar Sirius on the | 


e P. M.? Anſ. February 17m. 
k. m. 6. 

Annual Var. 2.65 Star's R. A. in 1796 6 36 10 

Years - 67 Var. in 67 years ſubt. — 2 57 


1888 Stars R. A. in 1729 6 33 13 
1590 ' Subt. the given hour 8 30 © 


6001/55 Sun's R. A. - 22 3 13 


257% Which anſwersto the 19th Feb. 


N. B. From this example it appears, that a fixed Rar is 
on the meridian within 3 minutes of the ſame time during 
67 years. 


CHAP. U. 
Of the Diviſion of Tine. 


THE RALENNDAR. 


THE integral meaſure of time is a year, which is eicher 
tropical or Adercal. 

The tropical year is the time wherein the earth makes one 
revolution round the ſun, or in which the ſun appears to 
move round the whole ecliptic, conſiſting of 365 days 5 hours 
48 minutes and 55 ſeconds. This is commonly called the 
ſolar year. 

The federead year is the time between two conjantilons or 


oppoſitions of the ſun and a fixed ſtar, which conſiſts of 365 


days 6 hours 9 minutes 14+ ſeconds; and exceeds the ſolar 
year by 20 minutes 174 ſeconds. | 
| A 
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4 month is che 12th part of a year, or the quantity of 


time wherein the ſun apparently paſſes through one eu or 


the r2th part of the ecliptic. 

Theſe years and months are eſtimated by the apparent 
motion of the ſun ; but ſome nations, both in ancient and 
modern times, reckon time by the motions of the moon. 

A lunar month is the time from one conjunction off the 
moon with the ſun until the next ; which at a mean rate is 
29 days 12 hours 44 minutes 3 ſeconds; and 12 of theſe 
months make a lunar year, which i 1s 354 days 8 hours 48 
minutes and 36 ſeconds, 

A natural day is the time wherein the earth turns once 


round its axis, reckoned from noon or midnight to the next; 


divided into 24 equal parts called hours. 
An artificial day is the time the ſun is above the horizon ; 


5 reckoned from 1 until he ſets, which is always va- 


riable. 

Civil lime 1s the method af reckoning years, A and 
days, in common uſe; and differs from the aſtronomical in 
ſeveral reſpects. 

A civil year is either common or bifſextile. A common 
year conſiſts of 365 natural days, diſtributed into 12 months; 


but the ſolar year exceeds this time by almoſt 6 hours, which 


in 4 years amounts nearly to one day; therefore every fourth 
year conſiſts of 366 days. The intercalary day is placed 
next after the 24th of February ; and becauſe in the Roman 
reckoning this day was the ſixth before the kalends of 
March, and in. ſuch years was twice reckoned ; therefore 
every 4th year is ealled biſextile, and vulgarly leap year. 
This method of reckoning time was introduced by Fulius 
Caſar about 40 years before the Chriſtian era, and from him 


called the Julian account : But although Julian years come 
near to the ſolar, they do not coincide; for 4 Julian years 


excced 4 ſolar years by about 44 minutes, which in 139 
v amounts to one day, and in 1300 years to 10 days. 
ä For 


11 


: 
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For this reaſon Pope Gregory ordered 10 days to he omitted 
in the year 1582, accounting the 5th day of October the 
15th ; and that the laſt year of every century, not diviſible 
by 4, ſuch as 17 hundred, 18 hundred, 19 hundred, ſhould 
be a common year of 36 5 days, which in the Julian account 
were biſſextile years of 366 days; but that the laſt years, of 


ſuch centuries as were diviſible by 4, as 16 bundred, 20 hun- 


dred, 24 hundred, ſhould conſiſt of 366 days, as in the. Julian 


account: and thus the civil and ſolar years agree ſo nearly, | 


as not to differ above one day in 5,082 years, This "aw 
ing is called the Gregorean or new Ale. 


Pros. I. Any Tear bees teat te fad another 12a 1 


dar * Tear. 


+ Divine the given year by 4: if o remains, it is | Jeap year; 
if 1, 2, or 3 remains, it is the 1ſt, 2d, or 3d, after leap year. 
Obſerving that the years 00, 1800, 1900, are common 
years. | | 


Exan. 1. Ts 1804 a common or a leap year? 
459.7803 5 


451, and o remains; cherefore 
it is leap year. 


2. Is 1809 a common or a leap year? 
4) 180g 


4 49%, an 1 remains, It is the 
iſt after leap year. 


Note, in theſe diviſions the e is the number of * 


years ſince the beginning of the Chriſtian era. 

The length of the civil year being determined, with the 
months, and the number of days in every month, a regiſter 
of theſe 1 is called the kalendar. 


: | Ia 
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In the kalendar it has been uſual to mark the ſeven days 
of every week with the firſt ſeven letters of the alphabet; al- 
ways calling the 1ſt of January A, the 2d B, the 3d C, the 
4th D, the 5th E, the 6th F, and the 7th G; the 8th A, 
thegth B; and ſo on throughout the year: and whatever 
letter falls to the firſt Sunday of January | will anſwer to eve- 
ry Sunday in a common year; and is therefore called the 
 dominical letter. 

A common year contains 52 weeks nd 1 day; therefore 
the firſt and laſt days of a common year fall on the ſame day 
of the week. Suppoſe any year began on Monday, the next 
begins on Tueſday, and the next again on Wedneſday, and 
ſo on through every day of the week ; but this continues 
only 3 years, and breaks off in the fourth. If every year 


conſiſted of 365 days, the dominical letters would run back- 


ward through all the ſeven continually ; ; but this order is in- 
terrupted by the leap years ; for in theſe, February having 
one day more than in common years, the firſt dominical letter 
in March and for the reſt of the year will be the letter pre- 
ceding that which ſerved for January and February; there- 


fore leap year bath two dominical letters, but they 0 
ſtill in a gr order, 


ProB, II. To find the Dominica! Letter for any Year until the 
Year 1800. 


To the given year add its 4th part (not regarding frac- 
tions), and divide the ſum by 7: if o remains, G is the do- 
minical letter; but if there is a remainder, ſubtra& it from 7, 
and the remainder ſhows the dominical letter, reckoning A 
1, BZ 2, C 3, de. 


Exan. 


179 
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Exam. 1. Required the dine, letter for the year 
1797 


449% 
449. 


DETS 


32⁰ remains 6 ; 


And gs. . T 'F 7 $4 A; is ; the Span ltr, and the yea 
begins on Sunday. 5 


3 


'S: Required the Gominieal letter for 1055 


94729 
bY cf 


* # d £ 4 8 


TC 1 17 ; i , F + 
: 8 
0 = * * n 
X if? £ 4 . . 9 22 
4 
i * 
*4 : ; ' 


Ls 
0 — * 


; 321 remains 1. | 
And 112 ef 0 "than F. is the dominical letter, and the yr 
begins on Tueſday. | 
After the year 1799 the Saaten jetter i is Fs as 5. be- 
fore ; only after dividing by 7, ſubtra& the remainder from 
8, and the laſt remainder ſhows the dominical letter. 


"Exam. 1. Requited the © dominical letter for the year 
1807 4 
4) 1807 
cal 


. — — 


713258 


| 322 remains 4. 
And 8—4=4; therefore Di is the dominical letter, and the 
year begins on Thurſday. | 


2, Re. 
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7825. Required the dominical letter for 1812 ? 
4)'812 
433 


* * 


T8. 


323 remains 4. 
And 8—4=4; then D is the dominical letter. But 1812 
being leap year, hath two dominifral letters, viz. E and D. 


In the months January and February the dominical letter is 


E, and D in the reſt of the months. The year begins on 
Wedneſday, © 


If every year confiſted of 36 5 days, there would be ouly 


ſeven changes of the dominical letters, going on continually 


in a retrograde order; but every {th year interrupts this or- 
der, and therefore there are 4 times 7 or 28 changes of the 
dominical letters: hence all the varieties of the dominical let- 
ters happen in 28 years. This period is called the cycle of 
the ſun. Now if the dominical letters be calculated for 28 
years, they are known for ever; becauſe they return in the 
fame order during the next 29 years, and go on continually 
except when interrupted by the laſt year of a century, not 


diviſible by 4. At the birth of Chriſt 9 years of Oy 


had paſt. 


Prox. III. hs Year being n to find what Tear 4 the 
Solar Cycle it is. 


Avp 9 to the given year, and divide the ſum by 28, the 
_ quotient is the number of cycles paſt, and the remainder is 


the'year of the preſent cycle. If nothing remain, the given 
year is the 28th of the cycle. 


_ Exam, 


An) 


in 
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Exam. Required the wyale of the ſun in the year 0 
Af: The 17th year of the 8975 T1 h 
Given year 1850 | 
Add o 2 ; 9 


„ Bhifcplds:.... 1; 5 
4 168, 95 15 f 


> 4 129 ww 
118 
Remainder | 7 & 
2. Required the cycle of the ſun in the year 18112? An. 
The cycle is 28, or the year 1811 completes che 65th cycle 
{ince the beginning of the Chriſtian era. 


1811 
Add - " Wes 
38) 1320; 65, 
fide o 


About 432 years before the Chriſtian era, Meton an A- 
thenian found, that 19 ſolar years contained 235 mean luna- 
tions; ſo that the mean new and full moons fall on the ſame 


days of the month in any year as they did 19 years HR or 


as they will do 19 years after, 

This period is called the cycle of the moon 5; and in old ka- 
lendars the current year of it was wrote in letters of gold at 
the days of the month on which the mean new moons fell; 
and hence it has been called the golden number or prime. Tip 
Chriſtian era began on the 2d year of this you 0 


Paon. 


* 
. 
x 264 
— —— — — 3 as, — — * 
* 
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Nes IV. To , find the Cycle if the Moon or 7 Golden Nenker 


* any given Tear. 


App 1 to the given year, 8 divide the ſum by 19; the 
_ quotient is the number of cycles elapſed ſince the beginning 
of the Chriſtian era, and the remainder is the current year of 
the cycle, or the golden number for that year. If nothing 
remains, the golden number is 9. 


Exam. 1. Required the Fo number in che year 1797? 
A1. 12. 


364 24 a 
$944 332) ee eee 
19) 1798094 
Remains 12 a 


2. What is the golden number in the v 1803 ? Anſ. 
18. 


8. 


5 150 
Add 
19)1804(94 
Remains 18 


. The golden number is the ſame in both the Julian and 


Gregorean ſtyles, and inereaſes by unity in every ſucceeding 


year from 1 to 19, and then begins again at 1: thus, if the 
golden number in any year be 6, 12 years after it will be 18. 
Therefore, having the golden number for any year, to find 
it for any future year, take the difference of the years, and 
add it to the given golden number: if the ſum is leſs than 
20, it is the anſwer ; but if it exceeds 19, divide it by 19, 
and the remainder is the golden number required. 


Exan. 
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* Exam--In the year 1786 the golden number is 1: If it 
be required for 1807, the difference of the years is 21; then 


add 21 to 1, and divide the ſum 22 by 19, and the * | 


3 is the golden number for the year 1807. 

In like manner, the golden number Pk 1700 is 103 to 
ed it for 1800, to the given golden number 10 add the 
difference of the years 100, and divide the ſum 110 
19, the remainder 15 is the golden number for the year 
1800. 

By the golden 3 diſpoſed as in the following table, 
the day,of mean new moon in any month may be known un- 
til the year- 1900. 

The golden numbers are placed undbr the months, and 
oppoſite to the day of mean new moon in the left hand eo- 
jumn. 


TABLE I, 


wd IEC CE IS —_—— — 


— N — —ͤ — —— 
— —— — 


*** — 
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To find the day of mean new moon, in any month of a 
given year, by the table, 

Find the golden number. for the year under the given 
month, and oppoſite to it, in the left hand column, is the 
day of new moon, 

N. B. The ſmall table on the right hand ſhows the gol- 
den number. 


Exan. 1. Required the ris of mean new moon iti Au- 
guſt 1998? 

The golden number for the year is 13. 

In the table, below Auguſt, 13 is found oppoſite to 11 in 
the column of days; therefore the mean new moon is on the 
11th day of Auguſt 1798. 


2. Required the day of mean new moon in December 
1798? 

The golden number 13 is found below December, oppo 
ſite to 7 in the column of days; therefore the mean new 
moon is on the 7th day of December 1798. 

The day of mean new moon being known, add 74 days to 
it for the mean time of iſt quarter; 15 days for the mean 
full moon; and 22x days for the zd quarter. | 

The difference between a mean ſolar and lunar year 1s 10 
days, 21 hours, 11 minutes, 23 ſeconds ; which (to avoid 
fractions) is commonly reckoned 11 days; and this conſti- 


- tutes the annual epact. 


When the ſolar and lunar years begin together, the epact 
for that year is o or 29 the 2d year the epact is 11; the 3d 
it is 22; and the 4th 33; but when the epact exceeds 30, 
an intercalary month of 30 days is added, making the lunar 
year conſiſt of 13 months; therefore the epact at the begin- 
ning of the 4th year is only 3; the 5th year it is 14 the 6th 
year it is 25; and the 7th it is 36, or only 6, on account of 
the intercalary month; and ſo on, the epact of every year 

K | exceed 
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exceeding that of the former year by 11. All the variety of 
annual epacts happen in one lunar cycle of 19 years; and du- 
ring the next, they recur in the ſame order as before, | 


Proz. V. To ind the Epaò for any given year leſs than 190. 


Find the golden number; multiply it by 11, and divide 
the product by 30; then ſubtract 11 from the remainder, and 
the epact will be known. 

Tf the remainder is leſs than 11, add zo to it, and ſubtract 
11 from the ſum ; the laſt remainder is the epact. 


 Exan. 1. Required the epact for the year 1799? Anſ. 23. 


The golden number is - 14 
Multiply r 


2 


30) 154 (5 
150 
Remains = = = 4 
=o 20 
34 
Subtract — 11 
The epact „„ 
2. Required the epact in the year 1809? Anſ. 14. 
The golden number is . 5 | 
X ©. - - II 
30) 55 (x 
30 
Remains - 3 
Subtract - - 11 


The epat. - + 14 


Note 
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Note 1. The epact of any year is the age of the moon on 
che firſt day of January, or the number of days ſince the laſt 


mean new moon. 


2. Some call the moon's age on the firſt of March the pad 
of the year: the reaſon is, the moon's age is the ſame on the 
firſt day of each of theſe months; becauſe there are 59 days, 
or two mean. lunations, in January and February. , 

The following Table contains the folar cycles, Jominical 
letters, golden numbers, and epacts, for 31 Near; and may 
be extended at pleaſure by the wa rules, : 


* * CERES 4 
FS 2 44180 ; 


—— 


"TABLE II. vol 5 
4 oo 

E 46) | S1 oo WI 26 81 9 Ae 
—. F 8 2. r 44 8 1 bJ5 
Fs 
2 11 8 P e 8 
LATEST” | STEPS] 
Tin]. JELSI 19 

27 0 14 Ai [3 fv” eee 
A G | 13 | 12 || 1814] 3 B10 9 
| 174g} u6 | F | 14 | 23 |} 1815] .4 | Arr 20 
1800] 17 | E | 15 | 4||B 1816 5 [GF|'12-P'1: 
18010 18 D 16 | 15 | 1817] 6 E 13 12 
1802] 19 C1726 [18188 7D 1423 
1803] 20 B | 18 | 7 1819] 8 Chi] 4 
B 1801] 21 |AG| 19 | 18 B 18200 9 [BA] 16 | 15 
1805 22 F | nr. 29 || 1821] 10 | G | 17 | 26. 
1806] 23 | E | 2] 11 || 1822} 11} F [18] 7 
1809] 4 l. 3;4 22 1823] 12 E | 19 | 18 
B 1808] 25 CB 4 | 3 B 1824/13 DCI I 29 
1809] 26 A5 141825] 14 B [2117 
18100 27 | G | 62518260 15 A 322 
1 182 160 Gl 41 3 
B i812] [EDI 8| 17 B 1828] 19 [FE] 5 | 14 
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8 VI. The Dominical Letter being "ng to find wha 
day of the week any day of a given month falls on. 


Wurn the days of the year are marked by the ſeyen firſt 
letters of the alphabet repeated continually, the letter A is 
always at the firſt day of January and October; B at the 
firſt of May; C at the firſt of Auguſt ; D at the firſt of Fe. 

bruary, March, and November Ea the firſt of June; F at 
the firſt of September and December; ; and G at the firſt of 
April and July; or, according to the diſtich, 

At, Dover, Dwells, George, Brown, Eſquire, 

Good, Charles, Finch, And, David, Friar ; ; 
where the firit letter of every word marks the firſt day of 
each month i in the year : and the ſame letters mark the 8th, 
1 5th, 22d, and 29th, days of the month. 
If the dominical letter is A, the 1ſt diy of January and of 
October are Sundays; the 1ſt of February, March, and No- 
vember, being marked with D, are Wedneſdays; the ſt of 
April and of July, marked with G, are Saturdays; the if 
of May, marked B, is Monday; the rſt of June, marked E, 
is Thurſday; the 1ſt of Auguſt, marked C, is 'Tueſday ; the 
Iſt of September and of December, marked F, is Friday ; - and 
the 8th, 15th, 22d, and 29th, of the month are on the ſame 
days of thi week. | 


| Eau! What day of the week i is the 7th of July 1797 
A1. Friday. 
The dominical letter in 11797 ks the 1ſt of July i is G, 
or Saturday, and conſequently the 3th of July is Friday. 
The following Table ſhows what days of the month are 
Sundays throughout any year; and conſequently the day of 
the week that a given day of any month falls on. 


TABLE III 
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, 
. 
* 
— 1 
* 
* * 
* 


TasLE III. Showing what Days of the Week the Days of the 


Months fall on by the Dominical Letters. 


8 


Week Days. 


January 31. 
October 31. 


February 28-29. 
March 31. 
November zo. 


September 30. 


December 31. 


May 31. 


June 30. 


— 


* 


— — 


E. D. E. F. 1 
3] 4] 5| 6] 7] 
10 11121314 
17 | 18 | 19 20 | 21 | 
24 | 25 26 2728 
31 1 FI £2, 
— 1 1 | 2 3 4 
7| 87 910 
14 | 15 | 16 | 17 | 18. 
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28 | 29 | 30 | 31 |—{| 
— — — — 8:2 
4[:-3-4::6 $:57-4-Sa] 
It | 12 | 13] 14 | 15 | 
18 | 19 | 2021] 22 
25 | 20 | 27 | 28 29 
— — — n 
12 
8 910112 
15 16171819 
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49 | 30-1] $1 jon 
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$1.01 74 S130: 
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2 ſe of = Table. 


When it is required to find the day of the week that a day 
of any month in a given year is, the dominical letter being 
known, | 

Look for the dominical letter on the head of the table, 
and for the month in the left hand column, oppoſite to which, 
and under the dominical letter, are all the Sundays in that 
month ; and the Sunday next to the given day being found, 
reckon forward or backwark to the day required. 


Exam. 1. What day of the week is the 13th Sept. 1800 ? 


Anſ. Saturday. 


The dominical letter is E; under E, and oppoſite to Sep- 


tember, the 14th day is Sunday therefore the 1 3th. is Sa- 
turday. 


A week day being doſes: ſuch as the 2d or 3d Modes 
of a month, in a given year, ta find what day of that month 
It 18. 

Under the as letter of the year, and oppoſite to the 


i month, look for the neareſt Sunday to the day propoſed, ang 


from thence reckon to the day required, 


2. What day of the month was the 24 Wedneſday * 


May 1787? Anſ. the 16th. 


The dominical letter is G; then under G, and oppoſite to 
May, the 13th is the ſecond Sunday; and counting forward, 
the zd Wedneſday is the x6th 


3. What day of the week was the 1th July 17292 a 
Thurſday. 

The dominical liber of 1729 is B. Under B, and oppo- 
ſite to July, the 3d day of the month was Sunday; then 
reckon 4 days forward, and July 7th is Thurſday. 


4- What 
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4. What day of the week will be the 26th ng, 4" 180g ? 
Anſ. Saturday. 

The dominical letter for 180g is A. 

Then under A, and oppoſite to Auguſt, the 27th is Sunday, 
and therefore the 26th is Saturday. 


5. What day of the month will be the 3d Friday of De- 
cember 1806? Anſ. the 19th. 

The dominical letter for 1806 is E. Under E, and oppo- 
ſite to December, the 3d Sunday is the 21ſt of the month; 
and reckoning backward, the 3d Friday is the 19th, 


Tron Bo» To find when Eaſter Sunday fall in any year until 
1899. 


Faſter Sunday is the firſt after the full moon, which hap- 
pens on or next after the 21ſt of March; and therefore falls 
always between the 21ſt of March and the 25th of April. 
Find the day of full moon on or next after the 21ſt March, 
and then find what day of the week the full moon is on, and 
the next Sunday is Zafter Sunday. 


Exam. It is required to find Eaſſer Sunday in the year 
1798? Anſ. April 8. 

The golden number is 1 3» which gives the time of mean 
new moon on March 17. in the Table, p. 64. and conſe- 
quently the time of the next mean full moon on April 2. 

In 1798 the 2d of April is Monday, and the next Sunday 
is the 8th ; therefore Eaſter Sunday is the 8th of April, 

Beſides the annual epacts, there are monthly epacts, com- 
monly called the numbers of the months; which are the moon's 
age on the firſt day of every month, when the ſolar and lu- 
nar yRare me together, 15 are as below. 


2 
mo Feb. wi 5 My Joe 
3 „ 
July. Aug. Sept. Oct. 3 Dee: 
Pros. 
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nutes after the ſun : and the ſecond day the moon comes 


— — 


6 - 5 h 
; 4% 4 ? 1 7 


Now. « VII. To es 4 Moow's 5 Sine on ny, Dy of a give 
| * Month, | 


0 the epact of the year add the number of the month 
and the day of the month; the ſum, if below 3o, is the 
moon's age or number of 47 fince the laſt conjunction; 
but if the ſum exceed 30, ſubtract 30 from it, and the re. 


mainder is the moon's age if the month has 31 days; but is 


months of 30 days ſubtract only 29. 
Exam. 1. What is the moon's age May 7th 1797 


Epa& of the year - ; - 1 

Number of the mo. - „ 
Day of the month > - 7 

Moon's age | - 11 days. 


The day of the next new moon is found by taking the 
moon's age from 30. 


2. Required the moon's age Nov. 12th 1798? 


Epact of the year =. - 12 
Number of the mo. p $ 9 
Day of the month 5 12 
33 
Subtract = . 29 
Moon's age | - = 4 days. 


The mean motion of the moon from the ſun in one day is 


22? 11' 2”, commonly reckoned only 12% On the day of 


conjunction or new moon, the ſun and moon are on the me- 
ridian about the ſame time; but the next day, when the ſun 
is on the meridian, the moon is about 12® eaſtward of it, and 
therefore does not arrive at the meridian until about 48 mi- 


to 


ENR 


4 


; 8 22s 
, 
PR - * 0 . 
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to the meridian about 1 hdut- 36 minutes after the fim 5 and 
ſo on every day 489 minutes later than on the former day. 
The full moon comes to the meridian about midnight, aud 
from thence to the change ſhe comes to the meridiam in the 
forenoon. But 48 minutes is ths of an hour 5 therefore, 


Pros. VIII. To find the time en the Moon domes id the Mh- 
ridian any given Day. 


| MurrreLy the moon's age in days by 4, and divide the 

product by 5, the quotient is the boursy arid the remainder 
multiplied by 12 is the minutes, when the: thook cortes te 
the A reckoned from'noon, 


Exam. 1. What tne i the moon on the not- Mey 7b 
1797? Anſ. 8 h. 48 m. 


Moon's age . . 11 
Multiply by e 
5)44(8h. 48m. 


2. What time is the moon on 2 meridiay * 12. 17982 
Anſ. 3k 12m. ow 
Moon's age . — 4 
8 by — 4 


5576035. 12m. 
The regular riſe and fall of the ſea every 12 h. 24 m. is 


called the tide. 

The tides at any place happen always when the moon is in 
the ſame poſition with reſpect to the meridian of that place: 
Thus if it be high water at any place when the moon js on the 
meridian of that place, it will be high water every day when 
the moon is on the meridian; and the ſame is true of every 
pofition of the moon, It is high water at Leith when the 
moon bears 8. W. by 8. or about 2 H. 15 m. after ſhe has 

I. been 
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been on the meridian; and at London when the modem ds 
8. W. or 3 hours paſt the meridian. Theſe times are found 


by obſervation; and there are tables of them in many baoks 
of navigation, and are called the times of e water on = 
days of new and full moon. En 8 Ju 00 


Pros. IX, To find the time of _— Water at any place on a 
| given Day. 95 


' Fiyp the time when the moon demes to thermeridian on 
the given day, to which add the time of tide op the days of 
the new and full moon at that ene the ſun . time of 
high water. 8 


- S 4 - 1 29 *® 5 


Ex AN. . Requited the time af.bigh water at Leith hy 
qth 1797 ? Anſ. 11 h. 3 m. akternoon,; 8 1 


| * m. 

Moon on the meridian ET eden MM 

THO 11 tide on change days F 2 15 
1 


2. When will 4 be high water at "arches Nox 4 12 
Anſ. 6 h. 12 m. 


| h. m. 

Moon on the meridian at - - 3 12 
Time of * change days — — 3 © 
5 | 6 I2 


The ſolutions of the 7th, Sth, and 9th. problems, are thoſe 
commonly given by authors who have treated of the ſubjects, 
and ſometimes give true anſwers. It muſt be acknowledged, 
however, that they are frequently wide of the truth; nor 
can it be otherwiſe, becauſe the lunar cycle, on which thele 
ſolutions depend, i is not perfectly true. For 235 mean luna- 
tions amount to 19 years 1 hour 28 minutes 5 ſeconds; there- 

fore; 
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here, after 1 9 years, the mean new and full moons happen on 
the ſame days of the month during the next cycle, but x; 
28 m. ſooner than they did in the former; _ this ſeeming- 
ly {mall error mikes one day in 310 years. a 
Neither is the epact ſtrictly true; for the n epact of 
11 days is too great by 2 h. 48 m. 37 8. and therefore the 
moon's age deduced from it cannot be accurate : and an er- 
ror in the moon's age mult octaſion one in the time of her 
coming to the meridian; aud cqnſagueotly. 2 1 time of high 
eee OY placs- +, 9111 5 4glot , 
ut notwithſtanding" of theſe defects, the. . are uſeful 
2 common; buſineſs of life; for although the time of high 
water found by problems 8th and gth. may differ- one half or 
eyen a whole, hour from the. true time, it gives ihe time ſo 
nears that a thipjmay fail out af or into a harbour, and 2 
baat may croſs, a river gr. Arm of che ſea, where there is a 
tide. rol) 21 6012; bar ney 034 553 bas 451 ut MU 9013.21 


It may be obſerved that the time vf high water depends 


ſo much on dhe. winds and ſwell of the ſea at the time, that 
no, rule of calculation: can, be mn which will n. ay 
. duce. a perfect anſoyary det 1d 3% und zzgl 
re Room indictias is cle ef 16 years: uſed by-the 
angient Romans fon the, 2 taxing the provinces. Three 
years of this cycle were elapſe 1 at ee of he Chri- 
| lian era. ach bas mi 11947 46229 2091264 14213 with 
Io, 22 104 Addo * Ali mol 82991. 24 


Pros. To . the Roman Indifion for any given Year. 
App 3 to the given year, and divide the ſum by 15, the 


| quotient i is the number of cycles elapſed, and the remannger 
is the year of the preſent cycle. 


ExAMe 
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= 
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3 4 remains.” 
ihe Rin indiGion is uſed in chronology, but has no 

EpnheRtion with aſtronomical matters. 

If the ſolar cycle 28, the lunar cycle 19, and the Riv 
indiction 1 5, be multiplied together (28 by 19, and the pro. 
dy& by 15), the product 7980 is the _ TOY yo | 
9 the Jaliun period. . 413 
| Whatever numbers theſe three 7 are 1 any year, they 
cannot be he ſame in any other year until after 7980 years 
are lapſed; For example, in A. D 17% the ſolar cycle is 
14, the lunar 12, and the Roman 1 15, _ cannot 
be the ſame sgain until A. D. 97½%%/%ꝙ%fJK.sͥ ͥ- 17 Ge 

In rhee firſt year of the Julian period, kippoles ts be 710 
yours before the erestion ef the world, the folar, lunar, and 
indiction cycles began together, each of them being 1; and 
th cannot happen again until the expiration. of 7980 

years, chronologers/ wake this period the univerfal nieafure 
of rn data all remarkable events by its years. © 


Different nations reckon their time and date their tran: 
actions from r D For e 


N weer 


Ss 3 


Some 


un " 
8 | 
THE KALENDAR. - 77 | 
| d Years of "Yau T | | 
the Juli- | before X | 1 
L 1 
Some rs rg events from the creation | [ ® 
of the world, and E it to have 710 4004 _ 
happened _ | _ 
thers from the deluge. ac Noab's flood © ] 2366 | 2348 _ 
he Greeks from the beginning of their 8 6 1 
Olympiads, of 4 years each = 393 77 | | 


he Romans from the building of Rome | 3961 | 753 


zome aſtronomers fro Nabonaſſar Kin | 
of Babylon "Y 4A H * 3967 147 | 
Some 3 from the death of Alex- | 
ander the Great 4399 | 324 | 


The Chriſtians from the birth of Chriſt © | q713 | A. D. 
The Mahometans from the flight of Ma-! 3 
homet from Mecca, called ti the A 5335 4 5 85 


To find what year of the Julian period r 
Chriſt anfmers to. To the given year add 4773, and the 
ſum is the year pf the Julian period. er i 1797 
anſwers 10 65 10 of the Julian period. | 

To find what yrar of Chrill a gen year of che 30e e 
rod is. From the given year ſubtract 4713. The remain- 
der is the anſwer. Thus the wy ph ord, ber pe- 
riod is the year 1800 of Chriſt. 

Note e The given year muſt 3 4713. 
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7 Tine; as. eee at different ch.” " Heu to 


| convert the Tine at ah. 2 * 10 that af a an- 
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3 noonday at àny place when: the meridian of that place 
,: paſſes through the:centre of the ſun; and midnight at the 
ſame time in al plates which are in the: oppoſite meridian ; 


and becauſe the diurnal motion of the earth round its axis is 


always from weſt to eaſt, the młridians of places paſs through 
the. ſun ſueceſſively 3 thaſe on the tveſt following the more 


eaſte. ly 3 and ihertfore all places ſituated on the eaſt of any 


given place will have noonday, andbevery other hour, ſooner 


than it; and places on the weſt will have the ſame hours later. 


For example, Moſcow is eaſt of London, and therefore has 
noonday ſome time before noon at London; for the ſame rea- 


ſon London has noonday, and every other hour, ſooner than 


places on the weſt of its meridian. 

The difference of time between any two places is found by 
converting their difference of longitude into time, at the rate 
of 159 for an hour. | 
The following tables of mean motions, &c. are denise 


for the meridian of the Royal Obſervatory at Greenwich, 


which 1s frequently called the meridian of London, as being 


near 


2 


4 


Fr 


year it 3 and wherever the meridian of London ĩs mentioned 

in this Work, that of Greenwich is meant. The longitudes 
of places are reckoned from the ſame meridian-3;and-theres 
fore the longitude of any place converted into time, is the 
difference of time between the meridiab of that place and that 
of Greenwich. we G15 rt 10 931 19 5 

To find more eaſily the time at one Ne N 
the time at another, the longitudes of a few places are turned 


into time, and arranged. 1 in the Table, E. 4 n 
be extended at d Es 


£5 wed b " . 


8 » ” 2 


Pao 10 The Time at Genes; being ood! to . ae 
Tine at IP other ples in . 1 wg 


Ir the time at any place i in eaſt longitude be no add 
the difference of meridians to the given time, the ſum is the 


time required; but if the place be in weſt longitude, ſub- 


tract the difference of meridians from the time at Greenwich, 


the remainder is the time required. 


Eau 1. When it is 3 hours afternoon'at London, what 


time is it at Moſcow? a my WE t ndr Een 

4 a 9 W 5. 8. 
Time at Toon 40 lo Seu A b. 1 0 0 
Difference of meridians EK. 4 218 
Time at Moſcow P. K. 1 Tl 


2. When it is 7 h. 5 m. 30 8. in the morning at London, 
what time is it at Quebec in North America? Anſ. 2 h. 25 m. 
54 8. in the morning. | 


8 6 h. m. 8. 
Time at London 1 ES @ 2 
Difference of meridians W. - +> 4:30:30 
Aſtronomieal time at Quebee 134 25 54 


3. When 
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3. When it iv B. 24 . 268. P. M. at London, what 
time is it at Pekin ee Yes ITY 9K 


n 

£ 550 10 9! 10th: 2. 
Time at London P. M. is Ps ad- bi 0 „ 
Difference of meridians E. +: 7 45 26 
Time at Pekin P. M. 5 3 8 59 52 


Note: The aftronomical days begin and end at noon ; and 


when any hour in the forenoon is mentioned, 12 hours is to 
be added to it to bring it to the aſtronomical time: Thus 


7 hours i in the morning is 19 hours (as in Exam. 2.); and if 


in addition the ſum exceed 24, the exceſs only is to be ſet 
down; alſo in ſubtraQtion 24 hours is to be Nen when 


neceſſary. 


Pros. II. The Time at any place in the Toll being given to 
find the Time at Greenwich, 


Is the ow be in call longitude, fubtra& the difference of 
meridians found in the Table from the given time, the re- 
mainder is the time at Greenwich; but if the place be in 
welt longitude, add the difference of meridians to the 15 775 
time the ſum is the time at Greenwieh. 


Exam. 1. When it is 6h. 30 m. 258. A. M. at st Peterf. 
burg, what time is it at London? Anſ. 4 h. 294 12 8. in 
the morning. 


| b. m. s. 
Time at Peterſburg - - 6 30 25 
Difference of meridians E. - . —2 1 t3 
Time at London . 4 29 12 


2. What time is it at London when it is 5h. 49 m. in the 


morning 
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3 at Quebec et America Wer n aa. 
„ina. | 


ers 2 8. =o a 
Time at Quebec - 5 49 © | 
Nano WF +4 399360 ũ an 5 
N — | 25 

Time at London . 20 36 1 in the morning. 


3. When it is Ea ab Raden at Edinburgl, what 


time is it. at Greenwich? Anſ. 3h. 42 m. 25 6. 
„m. 8, 


Time at Edinburgh 8 Br, 3 30 oP. M, 
Difference of meridians W. . 12 35. 
Time at Grecownh - — 3 42 25 P. M. 


To a Degrees and Minutes = the E puatr to Time. 


Divide the given number of degrees by 153 the quotient 
is hours; and the remainder, reduced to minutes and A 
by 15, gives the minutes, &c. Or, 


Multiply the given number of en * minutes by 4s 


and divide the degrees in the product by 50 the OPM is 
hours, and the remainder minutes. 


Ex AM. I, It i is required to reduce * 5 of the equine 
to time tro 


_ 15)37* 23/(2b. 29m. 325 1 ER 


Or thus, 379 23 
Multiplied by 4 


= 
r 


r r 


Anſwer 2h. 29m. 328. | 


9. 8 171? 12! 290 to time,” | - 
4 


& Www 4 Af £ 


Anſwer 11h, 24m. 49. . 
M - - Prot 


- 
1 on ——œm 
= 3 
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Pros. III. The Longitudes of any two places, with the Time 


at Conſtantinople ? An. em. 299. ooh M. tif 


at one of them, 5 to find the correſponding Time at 
the other. 


Fp the difference * thei b PA it to n 
and apply it to the given time by the former rules. 


Exan. 1. When it is noonday at Rome, what is the time 


BW . * 


Conſtantinople, Longitude . 28 53 0 
Rome, Longitude E. „ 18 17.15. 
ß—: 00 

WE. = 3 3 

Difference of meridians in tine 1h. 6m. 238. of 
” e 1 | b. m. s. 
Time at Rome jt A o Oo o 


Time at Contantiople, - | red 6 23 P. NM. 


2. When it is 2 h. zm. 308. P. M. at Bengal in India, 
what time is it at Boſton in i North America? Anſ.. Sk. rom, 


28. in the morning. 


0 og: 
Beagol, Longitnde EE 3241 
Boſton, Longitude W. wy cn 77 Add. 


Difference of Longitude 1863 22 


n 
Difference of meridians i in time vp toh. 53m. 288. 
2 h. m. s. 
Time at 1 7 — #- $80 
Difference of meridians W. - 2 — 10 53 28 
Aftronomical time at —S Þ- 1 15 10 2 
er 3h. tom, 28. in the morning. | 
495 ; 3. When 


PRACTICAL ASTRONOMY. 8) 


3. When it is Th. 20m. 1 58. inithe;forenoon-at Gibraltar, 
what time is it at Hamburgh? Anſa Ah. 21m; JAR in the 


morning. nec 513 mat 

wild 1 74:14 4, 6 wat By + wa 

Hamburg, Long zitude x. 750 . 5 4 1᷑0 38 
Gibraltar Long itude 1 1 ry Gs 6 + 4 46 
9 its Sie de W i <A 77 11. 0 ts Met 4 $344 3} 7 4 4 
Difference of 7 8 1 | CERN PR 
Le 3661.59 14 IG HOMING 301 IS 
bar Fi meridians ; = _—_ | "Ro | ST, | 1 I im. 364. 
30 15 101 $1943 1 m. ol oft. 

aer at Gibrakar | - 1 zur * 20 15. a4 

Difference of meridians E. - 14.1 —» 36. = 

' Time at Hamburgl l * ; anga 8 21 51 35%. 1 

; * - 


1 4 9 * "it #1, * 
48 - — at: 241. 3 


CHAP. il. „ 
* th Equation of Tie. 5 I, 1 | 11 


+ 1 9 Wt oft $479 þ 2 
| A rina, e allo 5 . is that Fae Fg 1 
fan- dial, or it is reckoned by the apparent motion of 


; the ſun ; the day being, the interval between, the time when 


the ſur? centre is on the meridian and his next return to it. 
This ſpace of time is the natural or ſolar day. A common 
year confiſts of 365 of them, but they are not equal. 

Nlean time is that which is. ſhown by a — 
ä dock. In this kind of time the days are all equal, each of 
chem being the 365th part of a common year; and every 


day conſiſts of 24 equal parts A hours, and theſe are di- 


vided into minutes, kck ec. 
The apparent and mean time never coincide. but on four 
"yy; in the year; viz. the 15th of April, the 15th of June, 
the 


1 _—_— 
« 3.4.8 g q 
- — — 
* 4 „„ „% — 
= * 


— — 
— — 


: . = — * S 
| | * ” * | 


the gilt of Auguſt, and the 24th December, when they are 
nearly che ſame. At all — noms 1 
from the mean, 

The equation of time is the difference between the appa- 
| reut and mean time, and ariſes from two cauſes, namely, the 
obliquity of the ecliptic, and the pp motion fd the de | 
in it. - 
| - By the obliquity of the ecliptic, hy daily ations of bas 
girude and Tight aſcenſion are unequal : for in the firſt and 
"third quadrants of the ecliptic, the tight aſcenſion is leſs than 
the longitude ; and therefore the point of right aſcenſion on 
the equator being welt of the point of longitude on the eclip. 
tic, comes later to the meridian; and hence the apparent noon 
is then before the mean: but in the ſecond and fourth qua- 
drants of the ecliptic, the right aſcenſion is greater than the 
longitude, and therefore the point of right aſcenſion on the 
_ equator being eaſtward of the point of longitude on the eelip- 
| tic, comes ſooneſt to the meridian; and hence the mean noon 
is before the apparent. f 9 

While the earth performs its annual revolution round the 
ſun in the ecliptic, it moves {loweſt when at its greateſt diſ- 
| tance from the ſun, called its aphelion : from that point round 

half of its orbit its motion is continually accelerated until it 
tomes to its perihelion or point neareſt to the ſen ; and from 
Yience round the other half of its orbit, its velocity decrea- 
ſes continually untfl it arrives at its aphtelion : on this ac- 
"count the natural days are unequal, as alfo their differences 
from the mean days. On theſe principles tables of the equi- 
tion of time for every degree of the fan's longitude, or for 
che "noon of 3 in "he year, are "Ed, Table, 
| x 19—22. Hannes 

When the equation of time is ahne at any hour in a 
place eaſt or weſt from the meridian of Greenwich, the given 


time muſt be reduced to that "era, and Then The equa- 
ou taken out for it. 


ProB. 


Pros. IV. The Adjurent Time being given = fd he Men 
| mmm, RE 


'Taxet the equation from the Table, p. 21. . to 
the noon of the given day, and take alſo a proportional pant 
for the hours if there be any; the ſum or difference of theſe 
will be the equation for the time: and then if the apparent 
time be given to find the mean, apply the equation to the 
given time according to its title ; but if the mean time be 


given to find the apparent, apply the ST 1 to its 
title: the reſult is the anſwer. | 


” "Exam. 1. When it is apparent noon at | Edinburgh 10th 
Feb: 179 5. what time is the mean noon? © | 


Apparent time, civil account | e IE 2 0.0 
Feb. 10. at noon, equation EET FL Oe Pen X > 14 21 
Anfuer — anon. 7 5 fs 12 14 41 


C 


2. When it is 1 hour in the morning apparent * on the 


| 6th December, required the mean time? An. oh, 511m, 228, 
in the morning, civil time. | 


December 5th at noon, the countioÞ . em d 55 hr 
a * — - - * — 8 26 
5 Difference — * ig 5:4: 26 
b. leeds... fs 
As 24 ; 26: 135 Hg to be I TREE 
is decreaſing. / % 21 2; gow io e 
From tlie ie on 2 5th on nf 255 nh; 5Þ 
Subt. for 13 hours 5 = — 0 4 
Equation for the given time - - — $ 38 
88 . . 8 
- Apparent time - 13 © © 
Equation — - — 8 38 


Anſwer - - 12 51 22 mean time, 


3. When 


- 
— — Eo ets renee 


| 4. On ay Hors An" i SS ie eo tn Ae Ie 
* 
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3. When it is gh. 20m. 308. P. M. at London on the 20th 


PRACTICAL ASTRONOMY: 


October 1795, mean time, required the apparent time? 


Anſ. gh. 35m. 40 6. f 
m. * 
Octob. 20. the equation is 15 7 increafing, 


Prop. part for gh. add . 


2 | > 11 : — : i $3 . 

Equation . | - - M ee 

e e een ee $240 #37 02 16155394 94645 84 "te 
Mean tim 9 20 30 
Equat. its 45 changed „ ien 

| | | Apparent time N 15 „ '9 35 49 


4. When it is apparent noon at (Pekin; in china Oacb. 4 25 
1795 what i is the mean time at London ? Fs 


m. 8. 
. Oftob. 28. 1 „ oi: 
For 16 7 : 3 
8 — \ $0 - ** 
e a 11h el 5 
N gon * "D;* 4 m. 8. 
Apparent time at Pekin in October 2 . 
Difference of meridian E. eee een ene 
2 — — 
Ae time at Landes - 28 16 14 34 
Equaticn of time 2 1 — 16 6 
Mean time at London MET 28 15 58 28 


That is, when it is apparent noon at Pekin October 29th, it 
is Ie zh. 58m. 288. in the morniSg at London mean time. 2 


J. May 


vw 
4 
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| 5. May 15th, when it is 3h. 30m. P. M. apparent time at 
e in North America, what 1s the mean time * Lon» 
don? 


| h. = 105 
Apparent time at Hanges — 4 P. M. | 
Difference of meridians W. 5 4 .38-, 

„ | 7 43 20, 
May 15th, equation of time 2 
Mean time at London - — 7 39 19 P. M. 


The equations of time fitted to every day in the year- 
which we have uſed, are not always preciſely accurate, nor 


do they ſerve above 50 years without ſome correction. The 


other 'Table, anſwering to every degree of the ſun's longi- 
tude, is rather better ; but either of them are ſufficient for 
common uſe ; and when great accuracy is required, calculate 
the ſun's mean longitude, as hereafter taught, and alſo his 
true right aſcenſion for the time ; the difference of theſe 
turned into time, at the rate of 15” per hour, is s the true 
equation of time. 


a. 
— — — — 
—— — — — — —— = 
* o N 
; 5 «as : 1 


Concerning tbe Tables of Mean Motion. 
1 are two kinds of motion aſcribed to every planet 


in the ſolar ſyſtem, namely, mean motion and true. We 
ſpeak alſo of the motion of the ſun ; but this is only appa- 
rent, ariſing from the motion of the earth in its orbit ; for 
wherever the earth is in the ecliptic, we who are on its ſur- 
face will ſee the ſun in the oppoſite point of the ſame circle, 
2 | For 


b u — _— 
a ö 
= wo e K -- : 


* 
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For example, if the earth be in the ſign W, the ſun will ap. 
pear in ; and when the earth has moved through. any 


part of its orbit in a certain time, the ſun will ſeem to have 


paſſed through an equal ſpace in the oppoſite part of the ſame 
_ circle; and therefore, when the ſun is ſaid to move in the 
ecliptic, no more is meant than the motion of the earth. 


Mean motion of a planet ſuppoſes its orbit to be a circle, 
and that the planet moves equably in it, or paſſes over equal 
ſpaces in equal times; and although none of the planets move 
equably in perfect circles, it has been found eonvenient to re- 
tain the hypotheſis, and to make tables of mean motion for 


| every one of them. 


To make a table of the mean motions of any planet, find 
out the time wherein the planet makes a complete revolution 
round the ſun, called its Period ; and then, as this time is to 
12 ſigns or 360%, ſo is a year of 365 days to its mean motion 
in a year. In the ſame manner the mean motion for one day 


may be found. Multiply the mean motion for a year by 2 


and by 3, and the motion for 1, 2, and 3, years will be known, 
To the 3d year's motion add the motion for 1 year and 1 
day, the ſum is the mean motion for the 4th year; and ſo on 
as far as the table 1s to go, adding always one day” s motion 
to every 4th or biſſextile year. 

To make a table of the mean motion of the earth, com- 


monly called the mean motion of the ſun. 


A mean ſolar year is that ſpace of time wherein the 15 
appears to move round the whole ecliptic, which conſiſts of 


365 days 5 hours 48 minutes 544 ſeconds. A common year 


conſiſts of 365 days; and therefore, to find the ſun's mean 
motion for a common year, uſing ein. we have, 

As 365.2423 days 

Is to 12 ſigns or 360 

So is a year of 365 days 


To 11. 9920392 ſigns, 


Or 116. 29* 45 40" 14”, the mean motion in in 365 days. 
| To 


PC 
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Jo calculate the ſun's mean motion for a day. 
An 36s 24234. : 3005 : 2 18. : 0.985647? or 39 8" 19" we 
Having the ſun's mean motion for one day 59 8":19Þ", 


his motion for any number of days may be found by multi- 


plication ; and for w part an a 85 as an hour or a Laute, 


by diviſion. 


To make a table of the ſun's mean nat for the cur- 
rent years of any. epocha, we muſt know his longitude, as 


alſo that of the apogee for ſome particular time, ſuch as the 
time he entered into the ſign M in a given year; and from 


thence compute | his mean longitude on the 31ſt December at 
noon ; for that is the beginning of January in the aſtronomi- 
cal account, and his mean longitude - then 1s reckoned for 
the followjn g year; from which ſubtra& the longitude of the 
apogee, the remainder is the mean anomaly. Now having 
the ſun's-mean longitude and anomaly for any year, we can 
find them for any future or former year, by adding or ſub- 
tracting the mean motions for the interval taken from the 
Table of EY years, p. * 


P ROB. V. 7 calculate . true 1 of the Sun for any 


given time and place by the Tables, p. 613. 


War the given time is apparent, reduce it to mean time 


by Prob- IV. and if the given place be not in the meridian of 


the Tables, reduce it to that meridian by Prob. II. and then 
write down the years, months, days, hours, &c. under one 
another in a column on the left hand. 0 

Take out of the Tables, p. 6— 13. the ſun's mean longi- 


tude and anomaly, anſwering to each part of the time, and 


write them down on the right hand of the former numbers; 
then add them as they ſtand in their ſeveral columns, reject- 
ing 12 ſigus, or any multiple thereof, and the ſum will be 

the mean longitude of the ſun for the given time, 
To reduce the mean longitude to the true ; Enter the 
N | Table, 


| 
1 
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gs PRACTICAL ASTRONOMY. 
Table, p. 14. with the ſun's mean anomaly, and take out the 
Equation of the centre, making proportion for the odd mi. 
nutes, &c, and if the fign of the ſun's mean anomaly be at 


the head of the Table, ſubtract the equation from the mean 
longitude ; but if it be at the foot of the Table, add it to 


the mean longitude, and the true longitude of the ſun will 


be had. 


Exam. 1. | Required the ſun's longitude 1796, Feb. 19, 


11h. 21m. 30s. in the forenoon, apparent tame, in the meri- 
dian of Edinburgh ? 
| D. h. m. s | 
Given time February -. 18 23 21 30 
Edinburgh meridian VLœ. 12 25 


Equation of time . „„ 14 

—_ time at Coveneich | 18 27 4 g | 

| | M. Long. M. Anom. , 
„ OE” 


1796 „ % ͥͥͤ RE TY. © 


Feb. 18. biſſen. 117 18 40 I 17 18 31 
a, $6 40 $6 40 


_ 


7 Fr 


95. 1 1 10 29 776 


Equation of the centre 1 1 28 30 


— 


Sun's true longitude 1 0 7 49 3 


2. Re- 
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2 2. Required the ſun's ig 1795, n 22. tf 

apparent tings at Ce] ij rh : 

t .* m. 8. 

Mean tine 4 £ 0 ©. ea 

0 Equation of tim — 1 28 

1 2 l 9 4˙75 

0 8. 9 48 1 * 1 

. 1795 e 6 o 39 58 
June 2. J 30 1 5 20 30 30 
oh. Im. R „ 0 881 2 

FIRE 4 4 —.⁴ 

75 3 © 38 6 11 3 31 | 
Equation of the centre +9 34: * 4 | 
Sun's true Whgitude —> & Q $599 | | 


: 3 It is required to Hd the ſun's longitude 1997, May is, 
« oh. 20m, P. * en time, in the meridzan of the and | 
ie, 2K E 6 Fo . 


. 
— 

——— — 4 

— —ü—U— vꝑ—— OO OOO Iomonn—e — 


2 

[ „ te | Bay 21117 22599 D. h. m. . * 

Dit. merid. W. 4 * . | + + 14 8 I, | 
© 1 | 15 11 34 8 . 5 | 
| © Equation of time 5 * 1 


Mean time at Greenwich LN 5 11 30 7 
MN. Long, M. Anom. | 
5 


x 5 . * 3 ; 8. 77 
„% 7 38--- 6 1 $ 17 
May 15. 413 345 4 13 32 
11h, . 27-6 | 27 
78. S —— 


| 124 9 38 10 1 8 
Equation of the centre. +121 3 1 5 1 5 


Sun's true longitude 1 25 30 41 


4. Re 


_ 2 — — * * a — 4 
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4. Required the ſun's longitude, 1800 Nov. 12. at 3 hours L 
b p e in the meridian of Rome, n time? in ! 
A D. h. m. s. 

November . IT, "0 oO © 
Diff. meridian E. _— — 49 49 
Equation of time - — 15 32 
_ Mead time at Greenwich © - 12 154 39 
82 02 3 f M. Long. — M. Anom. 
5 St CS 7 JJ # _* 60> OY 
- 1800 9 964 35 6 6211 8 
Nov. 12. 10 11 27 53 - 10 136 5 
— ills 22— — 2-28 | 2 28 
54m. „ eO 13 2 13 
398. 7 88 1 74229 24; to 110: ;386p4 
1 _—_— 595 r 1 
17 2127 9 ® 11 55 38 
Equation « of the centre — 1 27 19 5 5 


Sun's true longitude 7 19 3 3 . 
In this example the mean anomaly is 48. 115 52 FY The 
Table containing the equations of the centre is made only to 


| degrees. Now to find the part of the equation for 52 38), 


take the difference between the equation for 4s. 11*, and 


that for 45. 129, which is 1' 20, and then, þy ane lo- 
garitlma. —.— 


| 5 „mee e Iii 
As - 0 0 
Is to 0 1.6532 
Jo is „„ 569 _ 
1 5 Fa» < . OC © — 1 10 ö 
"IL ©: EL > PT CO-38 20 "2.9108 


Equation HY, 1 27 19 


The part of the enen 1 100% is ſubtracted from 10 28” 


29", Ne] to 4% 11*, becauſe the Sinne are de- 
ereaſing. 


5. What 


a9 V9 WS GOwn ee SY 


% 
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5. What is the ſun's longitude 1797, Sept. 3. 9h. 40m. 
in the forenoon, en time, at Peterſburg in Ruſſia? 


September ; 
Difference of meridians E. 


Equation of time 


Mean time at Greenwich - 


— 
383 
W 
83233 
4 


Sept 2. 
10h. > 
37m. 5 — 
Seger an 


Equation of the centre 


Anſ. ſun's longitude 


D. h. m. s. 
8 2 21 40 UW 
—_ # 1 - Jo "23515 56. 
4-39 37. $& 3 © 
„N. Long. 8 M. Anom, 
2 a 8. 0 1 W 
8 4 29 * AED 
46 49 $609 
1 37 1 31 
og A 
3 1 54 56 2 3 24 56 
1 42 26 | 
T BY 12 30 ; | 5 


6. Required the ſun's longitude 1797, OQob. 20. 10h. 


20 m. P. M. a. me time, at 


ORober D 
Diff. 1 — W. 


51 18. of time 


Mean time at Greenwich 


I 
S105 
14h. — 
n 
298. - 
Equation of the centre 
Anſ. ſun's longitude 


- 1 6:20: 11 
= 9 18 46 48 


uebec in North America? 
= D. h. m. s. 
te 20 1d 20 © 
— 442235 
200 14 59 36 
we, 317 0115, 7 me RCP 
20 14 44 29 
M. "nary M. Anom. 
rr TT 
(' 110: 97. .33 ©6071 


BY AO 
a I 48 
E - . On RE 1 


7 
149 9 
6 28 12 24 


3 20 31 24 


Pon. 


2„%% 


m . ld cr e 


r 


—— — — —— ů „ r * 
2 4 
5 % — — —„-— — — 
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Pros, VI. 5 The Mean Anomaly of the Sun being given, to find 
the Logarithm of his Diflance from the Earth. 

Wrrn the mean anomaly of the ſun take out the logarithm 

of his diſtance from the earth from the Table, p. 15, 16. 


Exam. 1. Let the ſun's mean anomaly be 7s. 1 9 40 51% 


what i 18 the logarithm of his diftance from the earth ? 


For 75. 199 the log. is - 4-995224 
22 For 40 3 the part is — + 59 
5 b Anſenr — 4995293 


2. When the ſun's mean \ anomaly i is I18, 21 100 31", what 
is the logarithm of his diſtance | £$ Any. $.007 293+ 


3. What is the logarithm | of the ſun's diſtance "TH the 
earth when his mean er is 2255 11* 52 380% 2 Anf. 


4995 33 


ProB.. vil To fd = Apparent Semidiameter, and alſo the 
555 Hourly Motion of the Sun for any given That 


8 the ſun's mean ak for the given time, 


end with the mean anomaly of the ſun take out his ſemidia- 


meter and kaurly motion from the Table, p. 18. 


Ex Au. 1. Required the ſun's apparent ſemidiameter of 


hourly motion 1796, * 19th, 11h. 21 m. in the fore. 


noon ? 
The ſun's mean anomaly at that time is 78. 19* 42, which 


gives his ſemidiameter 16 13” and his hourly motion 2 310 


2. What is the ſun's apparent ſemidiameter and han 
oi 1795, June 22d, at noan ?. 


The 
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The ſun's anomaly at that time is 118. 210 10% which 
gives his ſemidiameter 15 47“, and hourly motion 2 25" 


3. Required the ſun's apparent ſemidiameter and hourly 
motion 1800, at 1h. 54m. afternoon on the 12th day of 


November? Anſ. Apparent ſemidiameter 16 13", and hour- 


| 105 motion 2' 31". 


Pio. VIII. 7h Lobglted: of the San; of any point of the E. 
' cliptic, being given, to oe the 2 Right Aſcenſion, 


Wir the given 3 ROY the reduction out of the 
Table, p. 23, 24, and add it to or ſubtract it from the given 
longitude as the ſign ſhall direct; the ſum or remainder. is 
the right aſcenſion. 


Exai. 1. Let the ſun's longitude be 118. 0 37 400, what 
is his right aſcenſion ? 


S. „ 


| Longitude . - 11 © 37 40 
| Equation — - +2 4 © 
R. A. 0 Ts - 11 241 40 
Or a 27 

In time - 22h. 10m. 468. 


To find the part of the equation anſwering to 7 40” by 


logiſtical logarithms, 

: MALT 16 11 6 0 „ " 
As 30 © 3010 11 0 30 2 2 4 21 
2 I 24 1.6320 — 21 
80 is 7 49 8935 — 

„„ Equation + 2 4 o 
2.5255 
—3010 


To VAE 


— — —— — —— + *. * 
— 


— 


PRACTICAL ASTRONOMY. 


r eee eee 39: 4 0 55 A hat i his 


right aſcenſion 2? ak ret t KOO HE 
F * 0M LY | 
Longitude 3 8 55 2 30 3210 
Equation, - + 5 o To 243 1.344% 
5 — — 87 25 19 3719. 
R. AA Og 1 9 — 
Or - 91 o 29 1.7160 
In time | bh. am. 2. To +2 18, 1.4150 
Equation +5 o 


4. What is the ſun's right ann when his longitade is 


is. 25 300 41”? 


1 5 35 


Longitude - - 1 25 30 41 
Equation - Po „ 34 
R. A. - - * 10 71 1 4 
8 5 53 10 7 
In time - 3h. 45m. 45s. 


4. The ſun's | Ml being 18. 199 59 50", what is his 


right aſcenſion? 
| | "OM 
— **- _. 7 19 59 50 
Equation 1 — 2 27 8 
R. A. 5 7 17 32 42 
Or . Fs IS 2570 32 42 
In time . 15 h. 10m. 10s, 


Pros. 


J 


0 
« 


=* 


.. ', 
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J 


* 


$3 of x » > 1 30d bonus Yor 2 Fly 3.581 13k *þ 
Paok IX. The Right Aſcenſion of the 3 or of any point in 
the Ecliptic, * given, to find the correſponding re. 


10154 


Wirn the t aſcenſion, increaſed by three = take 
the reduction out of the Table, as in the preceding problem, 
and apply it to the right aſcenſion, according to iti lign, and 


hs longitude will be wg 


2 6 Qt! 91113 9nub91 64 4 


n I. be hs Maes be 11S. 4 46% 


what i is his longitude? _ den eng pd Yew, mw) 
Kan tt oP 
u on Mae 2 S W el en i 
- O% K &-P N — — Cl 
Anſ. n | „ A 37 46 


N. A. increaſe by 3 Gigns i is 255 20 4 * 40), to which, i in 
the Table, the Rdubtion is — 2 4 or 


„„ e 


2. The ſun's right aſcetic being 38. 10 d fas wh is 


his longitude ? ” 
: „ 
„ Or n t 
R. A. — 4 5 4 | pf 3 ' x. ; 2 1 
KNeduetſoa nn 25 hg 2. 


Anſ. Longitude _ - 3 o 55 29 
R. A. caſed. by ah bar 150 5 go. ae ret 
duden h —5 G. u vod 


3. When the ſug' vight eden 176. 17? 5 5 what 


is his longitude ? | . 
| 8. 0 93 1 ol * 4 > 
R. A. - We 7 17 32 42 
Reduction — 0 +227 7 


Anſ. Longitude | - - 719 59 49 
R. A. increaſed by 3 8. is 10s. 19* 32 42”, to which the 
reduction is -þ 2? 27' /. 


o : 4. Let 


ee 8 98 ＋ 21 . 


2 


. =o c _—— — IT 
"CENTS. JJ 
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4. Let the ſun's right aſcenſion be 18. 230 10 75 what K 
his lengitudet? - 9 $$ 17 * * e W — \y ö R N 8.4 
\ . * 5 AVY es 2 und 1 8. Wen * 
R. K. 9 W 9 23 3 7 
Reduction 3 * 2' 30 1 
3516 3174 , 1114 49 


7 - - =_ 1 ns & 64 c -qx 7 - F * 5 
9363 „eil ait ic balls ent oft 


Anf. Longitude: ' at #& Side T 9% * 25 30 . 
LR. chi increaſpdibyoges 1 is 46:25 10 9", to which the re- 
duction is + 2 20' 35”. Hanel 2d ili 9b4ignck wt 


To reduce time to degrees, multiply the hours, miputes, | 
andſeconds, Yy 18, ah to tile product add its half. The 


ſum will be degree, minutes, and ſeconds of a Gele 


Fo Sip ſe the R. A. of a ſtar is 14h, zm. 208. what i is 
its longitude? e? "An A. 7s. 3 2 28% 


Þ. oY 11 25 abr. T Au 
c 14... SA 1 R. A gz . f Id 2 75 5 8. 
1 11 OM E e nin 
| 1d Ot Equation oe | We 
A K — ri noir 207 1051 509 - 
. 140: 33 20 -. n FREY ; 8:43:38 - - 
at JEN DL 0 1:05 QUY nnn JON: g 357 6H 4-8 
2 76 16400 3 8 
** = - — >» i +4 


210? 500 on , or 78. 0? 50 ol. 


R. A. - Jncreaſed by 3s. is 10s. 9? 50 o“, to ad the re- 
duction is _—_ a 8 


e 22 8 bee uf 
Pa OBI X. ute Led. 70 nde Fun, of any point of the E. 
cliptic, being given, to find the correſponding Declinatiun. 


*"Wrru'the giv en longitude take the he declination out of the 
LN '- | SDL 1715 


* 
0 , "ls 4 
v4 ? J. * j * oo 4 a> » 44 
a of 4 
: 24 1 * 
„ „ 440 o 7 
* * * 1 7 . P 
o J © 8 E462 ** * * * "+2 #4; 'P | — 44 
- * i 
. „ 1 4 0 
' - © ** 9 þ 
% * 17 4 : 19 1 5 1 W 4 Z 

ti . ; I — 4 av g "7 3 4. 4 4 

SES X XAM. 
. 1 4 * pp * , , 4 3 0 , 3 'S 72 * # 7 4 : 1 > 
"3 »” . "on p * b 4 - os \ Ju og - - — Ss # © 
; 5 ” * 
2. 
- 
* 
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Exim; 1. Let the fiin's Jongitiide be 14's; "WI 
what] is his declination? An. 11* 15' 47" fourth,” 

' To longitude' 118. of the declination is 1 * 20 9 55 8. de- 
creaſing ; the difference between this and the next is ai. 12”; 
Then, 71 87 

88 ö 1 

Ar, 1 „ 755 
To 55 o 21 12 | 46 : From ” ya 29 © 
Sois - 0 37 e 2022 Subtract — 13 18 


er PIPE: "07 k7. 03 EEE | 
To” > '> is Is” 6540 5 Declinat. 11 15 47 
1 | v n * TY \ 14 104 


| 2 When the y $ {gy i 3% * 85 2% what is his 

declination ? 1 ko eie 50 „ 
To 38. 0® ri, the Ae hastien is 235 280 N. de- 

_— The We denen 520 * the next is GE: 


* 251 {37 . TLIC 1g 12 11 
As OPS 1277-304 2 | ads De 213 Ni er len 3 
„To, e. e 5 From 2328 0 
80 is 20 45 . Sudtract — 1% 


. 


N 0 0 12 2.4442 5 Auf. Decl. 23 27 "28 N. 


3. What is iche ſun's 'declinatio on when his. longitude 3 is 
16.259 30 gil pl „5 
Jo longitude 18. 25 the 4cclivation i is 19? 2 18 N. p 
ereaſing. The difference between this and the next Is 
ander 0]. THIEQ 6 03 ds T v1 


ES 2 ber ad: ; bong ik 8 1275 al 36} 02 
£ 5 & © 11 © „ whit 
$9.) 11100714 219;; u To 19 2 18 

„ ten. 2016.1, e eee. 


Te 1 6 7 19 2135 Anſ. Decl. 19 W 


J. Wien 


- ö 27 bie 
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4 When the "uy eee 1 195 50 ee 


declination} | i 

10 longitude 1% 195 the So is 19? 29 23% 8. in- 
ercaling. The difference between this and the next is 
46 170 


. Eg „ 
& 41 21 7 © L. eb „ 
e e inte 
80 is — 59.50, et A. + 3038, 
To 16 24 5676 Auf Decl. 17 45 378 


Fron. 11 The Time of the Year 4 the Sun s Declination be. 
ing given, 10 fad bit Longitude; or the Declination of a Star, 
of of any | m=_ . | ihe Kh ae IF di oh its. Lon. 


* 
* "i 1 
4+ — — — l 
35 An 4. [$4 


Wren the given 1 take the ton . out 1 the 
ſame Table as in the preceding problem: Thus, take the de- 
clination in the Table neareſt leſs | than that given, and write 
down the correſponding longitude; marking whether the de- 
| elnation be increaſing or decreaſing : then ſubtract the de- 
clination found in the Table from the next greater, the re- 
mainder is the; difference of declination for 1 of longitude, 
Subtra& alſo the declination found in the Table. from that 
Fa 3 and then, as the difference of declination for kb of 
ngityde js 10 le, ſo is the difference between the given de- 
clination and that found in the Table to a part, to be applied 
to the longitude already found ö the reſult is the true longi- 
tude. 1 VV 
ExaAM. 1. February 19. 1706, che ſun's declination iran 
15% 47" S. what is his longitude - Anſ. 118-0 37 39%. 
1, To NG 753“ S. che Jong. js,118. 37, the declin. 
Ker afing. E | | | 


it 2. 


5 IS f 

ad, From the given declin. 11 15 47 
Subtract the next leſs 1 in the Table 1 4-59 
Difference Vß , YT 


3. Allo 


0 
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From the longitude found « 11 1 o 0 
Subtract the Prop. part — — 22 21 


The , hos fe i 
zaͤ, Allo from the next greater . 11 55 5 
Subtract the next leſs in the Table 7 53 
na alt 
Diff. declin, for 1 long. - 00 21 12 
| 1 L. Ls 7: 
ath, As . 7 8 o 21 122 4518 
To - - : 0.0 0. 
W o 754 8805 
To 2 bo 0 22⁰ 22 4287 
To be ſubtracted. | Fn PI 
F 


There remains the true loaghude 11 097 39 


2. bn the month of May, when the fon's 's nden 3 is 


19 9 eee e thc 18. * 30 40". 


Iſt, Next greater declin, = 16 37 
Next leſs 19 2 18 Long 18. 25" 


— 


Diff. declin, for 10 long. © 14 y _ increaſing. 


„1 
2d, Given declination 5 93 
Next leſs in the Table - 19 2x 
Difference — — N 7 19 
gi 3 nee 
| a As 9 14 1: 5223 
9) Ta, 2 1541 3% lu ie Mos 
ho re 1; rh AR 
o . . o 30 40 2951 
55 1 
To the longitude found 1 
Add the prop. part 5 ＋ 30 40 
True longitude 2 1 25 30 40 
| III. In 


* 
_— — UG In 3 — 
* —— . — ow. — ——— 
. 


2 of 
. 
£ 
1 
} 
1 
: 


** am. 
* 


„ Ferie kl A8TROO NT 


0 — 


3. In hs, month of October, when the, fun” 8 daglinazion 
is & 44 14” 8. what is his longitude ? ? Aal. 68. 172 8' 40. 

4. In the month of November, the ſun's declination be. 
Ls 172 45% 375 8. what is his Jongude :! Anſ. Js. 200 


| e 


Er 


Non XII. The 8 or Right Alcenſ on 0 the 8 or 
of any point of the Ecliptic, being given, to find the Angle con- 
tained between the Ecliptic and the pgs to | the E are 
paſſing Sbrough that point. 


Ir the longitude be given, lip the right aſcenſion, as in 
Prob. VIII. With the right aſcenſion ſo found or given, 
and increaſed by: 3 ſigns, find the declination by Prob. X. as 


if the R. A. were longitude. This declination is the meaſure 


of the angle contained between the eeliptic and the parallel 
of declination ;/ and if the declination is north, the ecliptic 
aſcends above the parallel; if ſouth, it deſcends below it. 

Exam. Let the right aſcenſion of the ſun be 38. 1 0 29", 
required the angle which. the ecliptic makes with the parallel 


of declination ? ? 


„ ga. 
0 the given R. A. eil e e 
Add - 15 5 3 5 0: 07.0 
To. longitude 6 29 ) the a 


is 24 4 8. which is the meaſure of the angle contained be- 
tween the ecliptic and the parallel of declination at that time; 


and beeauſe the declination is ſouth, the ecliptic deſcends be- 
low the parallel. 


* 
* . * * ” —_ 
$ * X > ” . #4 + 4 * * * 15 7 7 
. 1 - 4 . 1 0 he 7 1 1 
| CO: P | 
* 5 

. " F ; # FS 
6 0 ; 'Y 1 1 * 

7 0 » 3 + = S 


to ms e w 
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* 
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* 
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of 7 the Moon n . Motions. Aon ” Jie Lon 
- gitude.and Latitude... 2 58. meg s = 


2201497 

[HE moon moves round the earth in an orbit more ellip- 
tical than the orbits of the primitive planets: the earth 

is; WY one of its foci, and the ſtraight line which paſſes thro? 


_the foci is called the line of the apſides. The eecentrieity af 


the moon's orbit is reekoned in this line, which at a mean is 
about 34 ſemidiameters of the earth. In one extremity of 
this line the moon is neareſt to the earth, called ber 'perigee 3 
and in the other ſhe is! fartheſt from the earth, called her 
apogee. In thoſe points of her orbit which: are equally diſtant 
from the foci, the moon is at her mean diſtance from the 
earth, which is about 604 of its ſemidiamet er.. 

The moon's orbit is inclined to the eeliptie or earth's ors 
bit in an angle of about 5 degrees. The interſections of the 
moon's orbit and ecliptic are called the moon's nodes; the moſt 
northerly is marked thus , and the moſt - ſoutherly N. 
While the moon moves forward in her orbit, in the order of 
the ſigns, her node moves ſlowly backwards, making a com- 
plete revolution round the ecliptic. in about 225 days: but 
none of the moon's motions are truly equable ; fot her orbit 
itſelf and its eccentricity varies continually. Hence many 
equations are uſed to reduce the moon's mean motions to the 
true, in order to aſcertain her longitude and latitude. 


Some 
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| Some of the Moon's Periods. 


THz moon goes once round her orbit from the firſt point 
of the ſign M unto the ſame again in 27 d. 7h. 43 m. 58. 
called her periodical revolution. 

The moon moves from her node to the ſame again in 
27 d. 5h. 5 m. 358. which being leſs than her former period 

by 2h. 37 m. 308. ſhows that the moon's node moves back. 
| wards, 

Tue moon moves from her apogee until her return to it in 
27 d. 13 h. 18m. 349. called her anomaliflic period; and this 
being longer than her periodical NTP, ſhows that the 
* moves forward. 

The moon't apogee makes an entire revolution "from the 
vernal aeg to its pp to it in ee, r 8 _— 
20 minutes. f. 

The moon's W moves leeds: bn the ver equi 
nox until its return in 18 years 224 days 5 hours. 

The moon moves from one conjunction with the ſun unto 
the next in 29d. 12h. 44m. 38. called her ſynodical revolu- 
tion, and ſometimes a lunation. All theſe periods are ac- 
cording to mean motions. 

When the moon is in the det of the heavens with 

the ſun, ſhe is ſaid to be in comiundion, vulgarly the time of 
new moon; and 'when. ſhe is about 6 ſigns diſtant from the 

ſun, or riſes at ſun-ſetting, ſhe is in oppoſition, commonly 
called full moon. The conjunctions and _—_— are be. 
perally called the Syaygier. 

The moon's motion is nearly uniform about the thms of 
new and full moons ; at all other times it is affected with va- - 
riable inequalities, canticularly in the quadratures or in the 
middle between the conjunction and oppoſition; and moſt of 
all in the octants, which are equally diſtant from the ſyzygies 
and quadratures. 


The 
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The face of the moon is called her djſe; which, although it 


s a ſpherical ſurface, appears flat on accaunt of its diſtance. 


The ſun enlightens half of the lunar globe at all times, ex - 


cept when the earth intercepts the ſun's rays. in the time of 


a lunar eclipſe. The ſtraight line which joins the centres of 
the ſun and moon is W to the moon s diſe, which 
is towards the ſun. 

At the conjunction, the enlightened kde of the mon being 
towards the ſun, her dark ſide is towards the earth, and 
therefore ſhe is then inviſihle to us. In a ſhort time after 
the conjunction, a ſmall creſcent of the weſt ſide of the moonꝰa 
diſc is luminous, which: increaſes in breadth continually until 
it extends aver the whole. When half the diſe is enlighten- 


ed, the moon is in ber firſt quarter; when the whole appears 
bright, ſhe is full; and after this, the enlightened. part of 


her diſc deereaſes daily. When only the eaſtern. half is en- 
lightened, the moon is in her third quarter; and from thenea 


tion. 


"4 


Pes. XIII. 7's calrulute ve tris Longitads of the Moo 


any given Time by the Tablet. 


Carcorart the-trie longitude of the "x and u mean 
anomaly for the given time by Prob. V. 


From the tables of the moon's mean motion, p. 29-43. 
take out the mean longitude, anomaly, and aſcending node, 


for the given year 3 under which write down the mean mo- 
tions for the month, da hours, &c. 
Add the numbers in the columns of the mean longivadse 


and anomaly, rejecting 12 ſigns or any multiples thereat 


when they occur; but from the longitude of the node for 
the given year ſubtract the ſum of all the numbers below it, 


. 12 * n neceſſary; and thus the moon's 
P 


mean 


her light deareaſes until ſhe is again inviſible at the eoniuae- 


PII —— - —ͤ—ä—ũ————— - l 
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mean longitude; mean anomaly, and the mean longitude of 
__ _— wil be obtained. 


F or the Arguments of the Equations. 


4 


The ſun's mean andtadly i is the firſt argument. . Subtra& 
as true longitude of the ſun from the mean longitude of the 


moon, the remainder is the mean diſtance of the moon from 


the ſun, of which take the double. 

To and from the double diſtance of the moon from the 
ſun add and ſubtract the firſt argument, the ſum and re- 
mainder are the ſecond and third arguments. 

Add and ſubtra& the moon's mean anomaly to and. from 
the double diſtance of the moon + from the ſun for the fourth 
and fifth arguments. 

To and from the fifth argument add and ſubtract the ſirſt 
W and the ſixth and ſeventh arguments are found. 


- Subtra& the firſt argument from the moon's mean anoma- 


ly, the remainder is the eighth argument. 


Subtract the moon's mean anomaly from the moon's mean 


diſtance from the 1 che remainder is the ninth argu- 
ment. 
Subtract the t true longitude of the ſun from the = mean lon- 


gitude of the moon's node, and the remainder i 1s the tenth 
8 | 


With theſe argaments take the 1 equations out of 


the Tables, p. 44—48. and find their ſum. 
With the mean anomaly of the ſun take out of the T ables, 
p- 44. the equations of the node and of the moon's mean 


anomaly. Apply the equation to the longitude of the node, 


and its equated longitude will be known. Correct the mean 


anomaly of the moon by its own equation, and alſo by the 
ſum of the ten former equations, and the correct anomaly of 


the moon will be had ; which is the eleventh argument, with 


which 


ys yy neg > —D— — ——u— — —v—v—ñ—ñ—ñHU ñ 2 UÜUE— non ee 
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which take out of the Table p. 49, 50. the equation of the 


centre. Correct the mean longitude of the moon both by 
the ſum of the ten former equations and by the equation of 
the centre, and the equated longitude of the moon will be 


, known. uz 


Subtra& the ſun's true longitude from the . longi- 


tude of the moon, the remainder is the twelfth argument, 


with which take the variation out of the Table, P- Io. — 


apply it to the equated longitude of the moon. 
Subtract the correct longitude of the node from the lon- 
gitude of the moon twelve times corrected, and from double 


of the remainder ſubtract the moon's correct anomaly, the 


remainder is the 13th argument; with which take the thir- 
teenth equation from the Table, p. 52. and apply it to the 
moon's longitude laſt found, which will give the moon's lon- 
gitude in her orbit. 

From the moon's bags in her orbit ſubtract the cor- 


rect longitude of the node, the remainder is the fourteenth 


argument; with which take out of the Table, p. 52. the re- 
duction of the moon's place in her orbit to the ecliptic. And, 
laſtly, with the mean longitude of the moon's node take the 
equation of the equinoxes from the Table; and apply both 
the reduction and the equation of the equinoxes to the 
moon's longitude in her orbit, according to their ſigns, and 
the true ecliptic longitude of the moon will be found. 


Exan, 


— 


Pn — 


l — 
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"Oo 
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% . n 
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Exam. 1. It is required to find the moon's longituile ' 
1795, June 22. at noon, apparent time, in the meridian of 


Greenwich ? 


The equation of time is * 
time is oh. 1m. 288. 
Sun's longitude 38. 05 "SS 290. Mean anomaly, 11 8. 21* 


28s, therefore the mean 


10 31%. | 
J's m. Long | m. Anom | -Q 7 
NF 29057 8): # 9:0: * g. T YEE 
95 1 5 37 5116.13 36 294 9 57 43 
June 22. - 3 29 31 03 10 14 35 —— 
Oh. in. BB] ; 33 — 9 94 
2809. ES 3 
een 6 We of 
| x —1 2 
Sum of 10 eqs. + 19 0 —3 SW 2, 
| — 4.0 0 
ry 5 28 45 [9 23 48 34 | 
Equat. centre -—+5 35,20 | 19 0 
ds equat. long. 5 11 4 5 [9 24 7 34 Arg. 11th, 
Variation ＋ 20 48 
| oe Equations. 
| 3 11 245233 — ——— 
13th 27 + 46 'F | + 
| — So—_———_—s | 1 FM 
D's orbit long. 5 11 25 39 11 r 42: 
Reduction a « NS 6 43 - 0 48 
f | — — 3 O 52 
5 11 18 56 4 o 50 
Equinoxes — 151 F/ 20 36 | 
— 6 O 14 
D's eclip. long. 5 11 18 41 9 oO 19 
| 8} o 36 
99 1.14 
10] o 51 
frag 3-437 
— 4 31 
} +19 of 


# 
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Arguments found. Arguments found. 
6 YE OT on Oi TY 8. n | 
ET RE 2 . | 
DS + SOC IS I pro R390 2 Ons | 
18 520 2 44 16 þgth =; - - 4 10 22 24 | 
Doubled - 4 8 28 32 | 2 M00 | 
© Anom = 11 21 10 31 [© r * 
2 2d K- - 3 29 39 310th = _- 0 29 52.34 17 
2 7 £ ee a8 
— 1 - 4 17 18 1 | J's eg. long. 5 11 4 5 „ 
0 | er — 3.04639 7 = 
— N cnn Y 
; D Anom, == 9 23 51 32 wth & © - 2 10 8 36 1 
q 4th — - 2 2 20. 24 D's long. equat. 5 11 4 5 | * 
| — — Q — 4 o 46 1 
9 sth. 5 14 36.40 — ITO = 
2: SE44 24 40 gl 1 10 17 26 | 
th - 6 5, 47 11 | Doubled 2 20 34 52 
| — D's Anom. — 9 24 7 34 } 
Nh 6 2326 9 . 
— —] 13th = = 4 26 27 18 8 
5 5 „  —— | 
—11 21 10 31 D in orbit 3 11 25 39 
| — RN - — 4 © 46 39 4481 
8th = C | 2 ö 


ligh = - I 10 39 © | 
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2. It is als to find the moon's longitude 1996, 157 


7th, 7h. 29m. 308. P. M. 8 time, in the meridian of 


Finn ? 

| 2; hm. s; 
July g de 
Diff. of merid. + 12 25 
Equat. of time + 4 26 


M. time at Green. 7 7 46 21 
D's m. Long. 


* 


N 


17905 5 28 11 37 
* „ 
7h. 3 50 35 
46m. - 25 15 
21%; = 11 
4 19 37 23 
7 Sum of I0 eq. „„ 
4 19 50 28 
Equat. eentre ＋5 26 3 
D's eq. long. 4 25 16 31 
Variation = ＋ 33 49 
p 4 25 50 20 
13th equat. — 45 
D's orbit long. 4 25 49 35 
Reduction - —6 4 


. 4 25 42 47 
Equinoxes = — 18 


J's eclipt. long. 4 25 42 29 


| | 


8. 0 " 


Sun” s Long. 


1 0 / He! 


3 16 I5 19 


Mean Anom. © 7 o 22 


m. Anom. 


9 25 23 38 
9 26 13 4 


3 48 38 


25 4 
11 

7 25 30 33 
3135 


— — — — 


7 35 53 8 


+33 5 


7 26 6 13 


S 


— 


% 


3 20 34 49 


3 10 37 33 


Equations 


11th Arg. 


2 2 O8 
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Arguments found. 


8. 


0 4 (1 


Moon's Anom. 7 25 50 33 
— 0 7 0 22 


Equations. 
1 * 
1 77 [4 ft 

1 

2 O 53 
3 7 

4 | o 48 

{433 | 

6 © 37 

7 2 

8 O 31 

9 9 49 | 

10 o 13 

117 15 4 10 

— 4 10 

F:-bÞ; 3. 
Arguments found. 

TY D 
T 
© - - 3 16 15 19 
„ 12 1 
Double U 
Arp, it EET" TI9 
2d=' 213 44 30 
3a — 129 43 46 

| 2 6 44 8 

Moon's An. == 7 25 50 33 

4h = 10 2 34 41 

Itch = -. 6 10 33 35 

| 0 1 2 

6th = 617 53 $7 
th - 6 3 53 13 | 


8th = 2 7 18 50 11 
"i 322 4 

—＋ 5-33 

gth= 5 731 3t 
8  - 0 ONS 
© — 3 16 15 19 
teth K 1 24 21 8 
83 4 25 16 31 
OD 3 1025088 
 rath = 1 9 $88 
— 4 MMA 
S "" 10 37 33 
1 14 38 58 

Doubled 8 3 17 56 

Moon's An. — 7 2 

13th = = 7 3 11 43 | 
Moon's orbit 4 25 49 35 
"PAS —:149 37 33 
14th = H 


3. What 
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3. What is the moon's longitude 1797, Sept. zd, oh. 455 
in the forenoon, apparent time, at Peterfburgh ? 
„5 „„ hit. 6. 

Aſtronomical time, Sept. 2 21 39 O at Peterſburgh, 
Difference of meridians - —2' 1 13 
_ Equation of time - — 54 


Mean time at Greenwich 2-19 37 53 


&-D--: £446 


Sun's longitude - + 4434 218/48 

Mean anomaly ES» 2 3 24 56 

- Moon's M. Long. M. Anom. | N 
— — — — — — — — 
r f A RE TY £4 ov” 


2299: „ 1 7 34 43 0 24 653f3 1 15 6 
Sept. 2. 11 18 13 2 | 10 20 55 20 | ———— 
999 10 25 53 10 20 35|—12 58 26 
35m. - =: 19 20 8 2 3! 
538. | gs - 29 . 28 3 


tr 426: 20 34 26 | il 25 43 24 2 18 I4 4 
Sum of 10 eqs: +1 22 28 | + 19 10 +8. 8 


eee e 10 7 56 54 11 26 2 34|2 18 22 12 
Equat. centre 15 58 +1 22 28 | 


— — 


— — 


. 11 27 25 2 = 11th Arg. 
Variation — 33 41 | 


10 9 3941 | 
13th equation +1 232 | 
| Y's orbit long. 10 #4 40 33 | 
| Reduction - - — 643 
| T4 

3 3 
Equinoxes - — 18 


C————— _—— — 


Þ's eclipt. long. 10 7 33 32 | 


1 


Equations. 


wi... FA an DD. — 


ls 


— 
1 


* Wy ow CA © oh 


88 1 CO-> 


: Ml 
' — — —. 
| 0 + fl | 3 
x | 0 9 50% 
20 0 6 
22 O5F | 
4 SES oO 16 
5 | 1 12 29 r 
6 4 
7 o 38 
8 31 o 40 
94: Q& 1. 9 
10 | O 14 
3 24 20 11 52 
—0 1 — 
1 22 28. 
Arguments 3 
2 1 * 
3 10 6 34 26 
© 8 41 8. 11 12 30 
D548 '- 4 25 21 30 | 
Arg. iſt, 12 2 3 24 36 
3 - 7 17 18 56 
9 20 43 32 
Y's Anom, II 25 43 24 
Ah = -— 9162716] 
aich - 9 25 048: 
Sun? s Anom, i=2 3 24 36 
e „ Tr 8 25 24] 


Arguments found. 
| 208 39'S 12 
92 0 5 24 
$h= „ 070 pr: 
\ 4 25,21 56 
—11 25 43 24 
th ,- 42938 32 
a 
10th = - 9 7 1-34 
1 5 - ' $0 $5 12 32 
12th = - 427 0.28 


— — 


- * 


8 1. 19 50 40 
Donten 3 9 4 20 
1 8 1 ** 
8 —2 18 22 12 
14h= 7 19 18 21 


Q 4. Re- 


at PRACTICAL" ASTRONOMY: 


4. Required: the moon's longitude 1799, May 5th, Gh. 
P. 11. apparent time, in the meridian of Edinburgh ? © 

| D. h. m. 
Apparent time at Edinburgh, May - +5 <0:& © 
Difference of meridians W. FITS : "cop 12 26 
Equation of time BY - {X,Y Fw Way 


Mean time at Greenwich > | 2-53 1G $50 
| 56 44-2 
| Sun's longitude « „I 15 10 45 
Mean anomaly 4 10 4 413 


D's m. Long. m. Anom. ] Q 

| * 0 1 #1 [e o —7 5 . 
1799 - - 6 26 20 546 21 33 23/1 22 35 40 
May 5th ' 627 2 5916 13 7 25|———— 
. 3 17 39] 3 15 59|—6 37 10 
em. 4 23] 4 210 4 
308. - : 27 : | 27 — $+ 


25 5 1 26 46 2211 8 1 35/1 15 57 41 
Sum of 10 equats. +11 4 — 17 44] — 7 45 


1 26 57 261 7 43 5111 15 49 56 
Equat. centre — 3 40 20| , . +11, 4 > 


1 23 17 6 1 7 54 55 = 11th Arg. 


13th equat. - —32 


D's orbit long. 1 23 26 34 
Reduction — —1 46 


ET . — 13 


J's ecliptic long. 8 23 24 31 


Arguments. 
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Arguments. Equations. | 10 
—_— — — — — — — 122714 
8. 0 „ 4 * 0 ter ev 
2 | 10 27 15 27 o 30 . gi 
„ 1 Be 
482 1 12 49 Ri 
5 n 9 39 20 2000 - 
69 19 13 52 „ 
5} 1 17. 5 26 8 36 4 
8] 3 3 57 22 © 32 
911 334 2| © 36 
1060 0 46 56 Sun 2 : 
— 121 0 8 16 21 +23 30 30 12 16 
r 20} LEES: 
| 14 [-0 737 365 rents wel : SI. 1 
#43, © _ rr 4 2 


bx, The Mow? s | hes ws ym and Node, being 
; _given, to find her Latityge by the Tables. 5 


7 232757555 ont om 


Site the corrected longitude of the moon's node 
from the moon's longitude i in her orbit; the remainder i is the 
firſt argumentcof latitude. sis USO 
From the moon's longitude in her orbit ſubtract "the fas 
longitude &, and from, double. of the, remainder ſubtract the 
firſt argument of latitude, the remainder is the ſecond argu= 
ment, ky -OS 1 . 1 

Subtract the moon's mean + abtbaly 100 the art - 
ment of latitude, and the remainder is the third ar 

From the third argument ſubtract the moon's mean ano- 
maly for the fourth argument ; alſo ſubtract the moon's 

mean anomaly from the fourth argument, and the remainder 
is the fifth argument, * 12 — 

With theſe arguments take out the numbers with their 


proper ſigns. from the Tables, p. 5355. and take the ſum 
of 


* 


— 1 ͤ—⏑ RR 
— _—_— — 
* 
* — 


— ——ä—— * 
— —_ ——— ͤ — —ä Ro. 


, 
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of thoſe which are affirmative, and alſo the fum of the nega. 


tive ; the difference of theſe ſums, with the fign of the great. 
er, will be the latjtude'of the moon; and will be north if 
marked with the 88 +, put * if en with the 


ſign — 


Exan. 1. It is required to find the areal; latitude when 


her longitude 7 her orbit is 58. 11 25 39”, mean anomaly 
98. 235 510 52 and node 45. Oe 46 39"? ? The ſun's longi- 


tude 1s s 36. o 55' 29". 


A favnd. Equations. 

d's orbit lon, 5 41, gs 39 [$4 
2 —4 35 39 13 21 486 

| —— 12 0 8 4o 
Arg. it =.' | 1 10 49. 0: 3 16 
8 ge, "WG 41 2 
in, ũͤo 27 16 
O Py —9 0 35 29 e 3H — ä — —— — 

2 3 2. 3% 3 30 23 | 34. 
Don non VII ä 
913 2: obne 3 — 1 — ES 
Doubtes . . i 441: 0:20 2:18 29494, 1 
Ab rend.. i 

3 — dof, The 12 
242 3 10 11 20 e is = 10 . thy & 
s WHGIIL INT Gl 8 

%ͤũ 11 


gti 2 517 — — 
A 07g $16.59, 8, 
of 23 51 52 


e 100 f 21 1 


n 5 23 5 16 | 
9 4 I 


2 What 


270 
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2. What is the moon's latitude, her orbit longitude being 
os. ear 50 46", mean anomaly 4s. 27 59 38 „and node 3% 
27? 8 51" ?—Sun's longitude 58 9 26 34 


Arguments. 


8. 0 i | 
8 18 41 55 
iy 


— 


= 324 629 


——— * 


it = - 


WO dre PRs 1 pu 


3d = ee 2 24 


4th = N — 10 22 42 39 


— — — 


288 


5th = — 


5 24 43 1 


Equations. 
e 20d i AD 
: +, | 07 „ 
T 45 542466 
f 4 0 5 16 
0 16 
o 2 
1112 — 5 3 2 
* 12 


Arſe Men br. 5 3.59 8. 


* Raubes the moon's latitude, when her orbit longitudk 


is 48. 25 49 355 mean anomaly 78. 25 50 33", and her 
node © gp 10? 37 3" 7 ? Sun's haps, ns 1 3s 105 IF 1 5 


35 ene 5 


— rl 


„Eibe: 4 0 


þ A IEP 8. 9 WEL A 


30 
"0 


11 
3 56 
19 21 
3 
#7: 49's 


I 
| Oy 
5 
9 
HE 


4 
* 


5 ay. REF" 5 hat, 


4. What j is the moon's ; latitude when ber 2 lopgitude 


is 108. 75 40 33” » MEAN anomaly 118. 25 43' 24", and the 


4 3 


true 


” 
— — —ü—äñ. —— öWẅĩñ'ð — 


— — 
——— 


— —— 
A. 


— 


— 


* 
* 
, 
* 
—Z—’ü—U— ——— —ü—ñä —— ——an 

* —— — — 
** — —. F — — 

0 — — 4 


— — 
. 


—_—_ 
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true longitude of the node 28. 18? 22 12/7 Sun's . 
gitude 58. 11 12 300. 


Arguments. Equations. 
F fot 4 88 
1 | 7 19 18 21 | | 1 *, 1 
22 3 37 45, 1 | 3.54 2 
3 | 7 23 34 57 2 7 54 | f | 
417 27 51 33] 3 | © #3 
$19. 3' P*Y1 4|9 19 
. 5 o O 14 
| 5 8 26 — 3 54 6 
+ o 8 26 


ee lat. | * * = bf — 3 45 50 5 
The parallax of any celeſtial object i is the angle contained 


between two ftraight lines drawn from the centre of the ob- 


je& ; one to the centre of the earth, and the other to any 
point of i its ſurface, Or, 


The true place of any celeſtial bed is chat which is 
would have if it were ſeen from the centre of the earth, and 


its apparent place is that which it ſeems to have when ſeen 
from any point on the earth's ſurface ; and theſe two are the 


fame when the object is in the zenith. In all other poſitions 


they differ more or leſs; and their difference, ariſing from 


the different poſitions of the eye, i is called the parallax of that 


cljea. Hence it is caſy to conceive that the true place is 
above the apparent, or that the parallax depreſſes the object 
below its true place. 

The parallax of a ſtar is greateſt when the tar is in the 


horizon, and diminiſhes as its ud — until i it comes 
to the zenith, where it is nothing. 


The parallaxes of different ſtars are | are or leſs, accord- 

"mg as they ate nearer to or farther from the earth. 
* fixed n have no ſenfible parallax,” The ſun's pa- 
rallax 


" 


F 


PRACTICAL 'ASTRONOMY. 425 


rallax is very ſmall, not exceeding 84 or ꝙ ſeconds. The pa- 
rallaxes of the primary planets are alſo ſmall, and not yet 
truly determined; but the moon being nearer to the earth 
than any other celeſtial abject, her horizontal parallax is 


great in compariſon of any other ſtar, and extends from 54“ 


to 62. Its magnitude depends on the moon's anomaly or 


diſtance from her apogee. 


Prob. XV. The Moon's Longitude, with the Arguments for 
Finding it, being known, to find the Moon's equatorial Paral.- 
| lax or the horizontal Parallax of the . for any place on 
the Equator. | | 


Wirn the 5th, 11th, and 12th arguments of longitude, 
take as many numbers from the Tables, p. 56, 57. with their 


proper ſigns; and from the ſum of the affirmative numbers 
ſubtract the ſum of the negative, the remainder is the moon's 


equatorial parallax, or the horizontal parallax of the moon to 


A place on the equator. 8 


Ex AM. 1. Let the moon's longitude be 5s. £19 18 ar”, 


and the arguments as below; required her equatorial pa- 


rallax ? Anſ. 56 Sv. 


3 1 „ 
1 * „ 14 66 o 36 
„„ .:09446 70:30 40 
12th | «7 4 26 3 36 20 
s 25 
E 20 


Moon's equatorial parallaa 56 5 


2. Let 


N 
| 


— — ow 
* 
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2. Let the moön's longitude be os. 18 47' 53.5 n 
ene enge ene Anſ. 59 56. 


1 9 | 6 = 
"apc 9 % 38 #1" It 
CAL auth © 14 29 4½ 24 | 59 58 
15 (a „ i 5.5 40 3 2 
+60 7 | 
ER 111 a 
* — — 


Moon's equatorial parallax 59 56 


| $M moon's Iongitude be 48. 25 42/ 29% what is 
her e parallax ? ? 
| 525 4 
T 
A 5th - 6 10 1335 85 37 
11th wv i 39 i-& 177 WJ 
$2th 58S 4 $847 5g 
Anſwer- - 359 32 


Pros. XVI. The Equatorial Parallax of the Moon being given 
and the Latitude of a place, to find the Horizontal Parallax 
of the Moon at that place ; and to reduce the Apparent Lati- 


| tude of the place to the centre of the Earth, ſuppoſi "g the Earth 
is an Oblate Spberoid. 


Exrzi the Table, p. 57. with the given apparent latitude 
of the place on the ſide, and the equatorial parallax at the 
top, and making proportion, if neceſſary, find the reduction 
of parallax; which ſubtracted from the equatorial parallax, 
leaves the horizontal parallax required. 

With the apparent latitude of the place take the reduc- 
tion of latitude out of the ſame Table ; which being ſub- 
| tracted from the apparent latitude, leaves the latitude re- 
duced. 

VM. B. The horizontal parallax and latitude thus found 


are 
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are what ſhould be employed: in computing, che moou/s(pa- 
rallaxes in longitude, latitude, and declination ;\ which: will 

now be performed by 4 the common rules, founded on the ſup- 
poſition of on earth's being a ſphere. 


——— — 2 —ͤ—zb— ũ———— — © OE ͤl————k— — 


Exan. 1. Let the equatorial parallax be 56 5, and the 
apparent latitude of the place 5 1 28“ 40; the moon's hori- 


zontal parallax ayd the reduced nue of the. place are re- 


n, ? 0: £5 


* 


5 . 


Equatorial parallla 56 5 Latitude 51 28 40 
Reduction "A 2 4 5 Reduction — — 14 42 


N bo AY hoe” * — * 1 \ 


Horizontal parallax 65 56 Redueed lat. 51 13 68 


Let the ni parallax be 5g 56“ and the latitude 
of — place 55 58; required the moon's horizontal paral. 


lax, and the reduced latitude of che l Bag dt ilk 10 
Ul ing " mT erte of 
Equatorial gs * 0 Latitude Nd 5 _ © 
Reduction 2 Reduction =»; 13 47 


. * * 


Horizontal parallax 59 1797 Wt fat. = 5 44 13 | 


3. Let che equator ial parallax, be 54' 9“, and the latitude 


of the place 5956 required the ,moon's hora 2 
lax and the reduced latityde-? 5 | 


d. 2 Ws 01 2 - 0 23 54 | 
1 parallax .. 44 9 122 - 59 56 © 
Reduction — 10 Reduction - — 12 56 


— ] 3 59 Reduced lat. 59 43 4 


PRoB, XVII. The . Parallas Le given, to find the 


Moon's horizontal Diameter. 


Exrzx the Table, p. 58. with the moon's equatorial pa- 
rallax, and take out her horizontal diameter, 


R For 
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For example, four of the moon's equatorial parallaxes, 
with the correſponding diameters, are put down below, 


Moon's equatorial Moon's Diame- 
Parallaxes. - ters. 
5 " ha.” | e740 be 
20 0 | 39 34 
59 56 32 39 
59 32 32 27 
$4 9 „ 


. XVIII. To find the Moon's Hourly Motion in tn 
' _ tude ; her Longitude in her Orbit, with the oo for 
| finding it, being know ts 


Wirn the 5th, 11th, and 12th arguments of TIP: 
take out the numbers from the Tables, p. 59, 60. ; the ſum 
of theſe, regard being had to their ſigns, is the moon's hour. 


ly motion in longitude. 


| 8 1. Let the moon's longitude be 5s. 1125 39% 
and the arguments as below; required her hourly motion 1 in 
longitude ? 


. " 


WE 3: 


| 8. 
5th Arg. 6 
9 
12th — 2 


31 
＋32 1 


Anſwer fot 


2. Re- 
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2. Required the moon's hourly motion in longitude, when 
her longitude 1s 0s. 152 48 9˙5 and the e as un- 


der? 
„* „ 
„ 8740 W ; 
gth Arg. 9 17 38 8 | 13 
11th 4 29 41 24 | 36 9 
i2th = 7 58 3] 21 
+36 22 
SL 
Anſwer „ 9 


Pros. XIX. To find the Moon's Hourly Motion in Latitude, 
the Arguments for finding her Latitude oy FRO Wn. 8 


Wir the firſt and ſecond arguments of latitude, take two 
numbers out of the Tables, p. 60. their ſum if they have the 
ſame fign, or their difference if they have contrary figns, is 
the moon's hourly motion in latitude z which tends to the 
north if it has the ſign +, but to the ſouth if it * the 


fign —, 


ExAm, 1, It is required to find the moon's hourly motion 
in latitude, the arguments of latitude being, 5 
6% % ; # 1 # 
iſt Arg. — 1 10 39 © ** 1 5 
2d „ 20-93 $8 I 


Anſwer - 42 14 tending north, 


2. What is the moon's hourly motion in latitude, the ar- 
= for finding her latitude being, 

| "0 " 
1ſt - 8 18 41 55 | — 544 
0 5 24 6 29 4 


Anſwer - — 48 tending rink 
| 3. Re- 
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3. Required, the moon's r motion d e 


the arguments Me, 1017 2 8 „ {3 * wh , i 511 [ i*:f di 
| $20: 7 5, *F+ "of 4 
4d» j- "8-B"37 45 4 b 
$11 B 1 . a} 
| e £14 ·½ 2 2 tending fout 


% » | 

Pros. XX. The Longitude and Latitude of the Mook? or of 
any Planet or Zobiacal Star, being given, to find its Right 
Aſcenſion and Declination; the en no! exceeding ſix 
Degrees. 0.05 . 13 

1. Wirs the given longitude; take the xeduQion- af the 
ecliptic to the Equator out of, the Table, p. 232. 24+ and ap- 
ply it to the given longitude according to its ſign, the reſult 
* the right zleanflon f the, _ place f the planet or 

Ford wilt i ant 110d dn T 5113 10 140 era 

With the fa. of the: givey SE the top or ten 
f the Table, and the degree, of longitude on the Gde ; ; as al- 
ſo the degree of latitude at the top or bottom of the Table, 
p- 62 — 66. take out the correction; which being applied to 
the ecliptic right capt 2 to its bobs ws 15 
the planet or ſtar. 75 

2. With the given longitude: cake the died out of 
the Table, p. 17. and this will be the declination of the eclip- 
tic longitude of the planet or far, which is north or ſouth 
according as the ſis Ign.is + or —, 

If the latitude is of the ſame name with the declination, 
enter the Table, p. 68. but if it is of a contrary name, enter 
the 'Table p. 69. with the latitude at the top, and the eclip- 
tic declination on the ſide; and take out 2 number; which in 
both caſes is to be ſubtracted from the given latitude; the 
remainder is the diminiſhed latitude. Then, if the latitude 
and declination are of the ſame name, the ſum of the dimi- 
niſhed latitude and ecliptic declination is the declination of 

„ . the 


by Ni 
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the planet or ſtar; but if N are of contrary names, their 
difference is the ee 5X iti 35 noo! 


Exam. Let the moon's HEN — 58. 11518 41”, and 
her latitude' =. 3? 29" 9g” N.; * her right aſcenſion 


and declination ? vp Of -$1 3 L 
For the WT A. 


1 


1. To the given long. 85 11 18 gr 


The reduct. p- 23d 18 - 3 ＋1 27 3 
Eeliptic R. A. OR 3 1 12 45 44 
Correction „ 3 bes 54. 
5 Moon's R. Aſcen. 2 80 * 6 38 
| 2, For the reduction. e 
5 1 TT Pi 25 
| Long. „ gives 1 28 19 
— 11 3 17 


Difference | > 2 2 5 | 
As 30: 2 2 180 22 1 160 


* 2 N 
( 1 28 19 
Subtract  oA.f pecan e 16 . 


Ur . . 27 3 
— For the 1 of R. * 


e — AM h1qt3 
La 5 11 18 41 _ and lat. FS os * * 
L 2 - - —— 


Difference o 23 26 
As 1® : 23 26, 3:3 29 9 : 110 23% 251 „ 


e e 5117 pf By. Is 9 31. AM 
Add - - + 11 23 
Correction - * P 
e : eee 4. For 
. | 


OS op — ů—ů — —ETx rr» — 9 —— —_— _ - — — RR 
| 
j 


| 
[ 


1 
”$ 
. 
. 


_— — 


—— — — 
en. AE + (7-9 
DE ed err a red AMS ne 


— «a. — 
n <> 
* 
n 


* 
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* For the moon's declination, 
To "i 56. 11* 18 41”, Ecliptic declin. is 7 20 2 N. 
For the correction of latitude. 


9 o /t | 8 
Lat. 4 and declin. ) 20 gives ; 18 15 p. 68. 
3 13 39 


. Difference 4 36 
[31 As 18 Sas 29 9": 2 14, 


3 EO i 13 39 
Add. — - 3:14: 
1 Corretion 3 15 33 : 
<a IE 
5. From the moon's lat. . 3 29 9 N. 
Subtract the correction — 15 53 N. 
CC n 
- Ecliptic declin. add bez +43 20. 2 N. 
Moor” declin. N. 8 10 33 18 


2. Let the moon's longitude be os. 15 Ü 50 46”, and her 
latitude 5 1' go” 8. 5 cn her right aſcenſion and decli- 


nation ? 
For the moon's R. A. 


bo © 1 
1ft, Ts the given longitude = 15 50 468. 
The reduction is - - — 1 15 10 


| Ectiptic RA. ©» - o 14 35 36. 


Correction = +1 56 20 
Moon's R. A. 8 0 16 31 56 


2d, For the moon's declination. 
To longitude os. 15® 50/ od „the ee. declination i is 
6* 14/ 32 N. 


5 
3d, From the moon's latitude - 5 1 508. 
Subtract the correction = — 23.10 
Diminiſhed latitude - - 4 38 40 


4th, From 
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Ah, From the ecliptic declination” «- 6 14 g2N. 
7 _. Subtra& diminiſhed latitude = 4 38 408. 


Moon's declination N. - 1 35 82 
3. The moon's longitude wi $8. 235 44˙ 290, and her 
latitude 314 40” N. it is required to find her right aſcen- 
ſion and declination ? 


For the moon's R. A. 1 


| 8. © f # 
iſt, To the given longitude - 5 23 44 2 
The reduction is SANT lM + 39 45 
Ecliptie R. A. 8 5 24 15 877 
Correction p — 0 1 41 28 
Moon's R. XK. = 5 25 56 43 


2. For the moon's declination. 


To longitude 58 239 44 29”, the ecliptic declination is 


20 29 17“ N. 
| „ 
3. From the moon's latitude - 4 14 40 N. 
Subtract the correction — 20 47 
Diminiſhed latitude 3 33 53 
, ' n 
4. To the diminiſhed latitude - 3 53 FN. 
Add the declination C 2 29 17N. 
| Moon's declination L. 6 23 10 


4. What is the moon's right aſcenſion and declination 
when her longitude is 48. 25 = 29% and latitude 30 44 


N. ? 
; S8. © f ﬀ 
Longitude - - 4 25 42 29 
Reduction - 2 15 18 
Ecliptic R. A. - - 4 27 57 7 
Correction - -, wi 
Moon's right aſcenſion - 4 4 39; 16 45 


Ecliptig 
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' Ecliptic declination 120 * 5 gag "1 


Latitude L 
Correction i 
+ Diminiſhed latitude | 


Ecliptic's declination 


Moon's declination N. 


e**2; 


sf # 


. 21 


. % i 3 


4: — 6+ 3 * 


„ i 


. 211 
— — — 


16 28 39 


5: The longitude of the ſtir Aldebaran being 28. 60 55/ 
25˙, and latitude 50 28' 51“ 8. it is R to find its right 


| e and declination ? ? 


= 


Longitade 8 
| Reduction - 


. K. A 
Correction 


R. Aſcen. x - 
Latitude 35 
Correction 5 
Diminiſhed latitude 


Echptic declination N. 


Diminiſned n. 


Declination Se 


eee, 


3 6 25 
— 151 3 


5 4 3742 


＋ 57 22 
3 3 
61 work «x 
5 28 51 
— 4 52 


5 33.59 

©; 4 

21 29 26 
5 3"59 


—— — 


16 4 27 N. 


CHAP 
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Sil CHAP. VII. 


Computation of the 3 and e 7 
iS the Planets. | 


Phot. XXL 75 e the Longitude and Latitude ** an in- 
501, 3 Planet ow any givrn time and __ f | 


Ir the gen time 1 e convert it 105 mean time | 
dy Prob. IV. and find the ſun's longitude for that 


time, as alſo the W of the carth's diſtance from the 


ſun. 

3 - From the Tables of the planet't mean ane; = 72. &e. 
colle& the mean longitude of the planet, and of its apogee. and 
node, for the ſeveral parts of the given time; write them down 
below each other, and find the ſums of the ſeveral columns, res 
jecing 12 ſigns, and writing down only the exceſs. 
3. Subtract the mean longitude of the apogee from the 
mean longitude of the planet, and the remainder is its mean 
anomaly 3 with which take out the equation of the centre 
from the Table, and apply it to the mean longitude accord- 
ing to its ſign, and the refult will be the heliocentric longi- 
tude of the planet in its orbit. With the ſame argument 
take out of the Table the 3 oF the 3 diſtance 

from the ſun. | 
Subtract the — of the node to the longitude 
of N planet in its orbit, the remainder. is the argument of 
latitude; with which! take out of the table the inclination 
of the planet's orbit to the ecliptic, or the heliocentric la- 
titude; as alſo the reduction and the? logarithm of curta- 
tion. Apply the reduction to 1 planer's orbit longitude 
8 WI INT . ©. _ accord- 
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according to its ſign; and the heliocentric longitude of 
the planet in the ecliptic will be known. Subtract the loga- 
rithm of curtation from the logarithm of the planet's dif. 
| tance from the ſun ; the remainder is the logarithm of the 
planet's curtate diſtance from the ſun. 

5- Subtract the ſun's longitude from the heliocentrie lon- 
gitude of the planet; the remainder is the angle of commu- 
tation; take its half, and if the half exceeds 3 ſigns, take its 
complement to 6 ſigns. 0 

6. Subtract the logarithm of che planet's curtate diſtance 
from the ſun from that of the earth's diſtance, and add the 


logarithm tangent of 459 to the remainder ; the ſum is the 


tangent of an arch; from which ſubtract 459, and to the 
tangent ot the remainder add the tangent of the half com- 
mutation; the ſum (rejecting 10 from the index) will be the 
tangent of an arch; which being ſubtracted from half the angle 
of commutation, or from its ſupplement ; the remainder, will 
be the elongation of the planet from the ſun, 

7. When the angle of commutation is leſs than 6 ſigns, 
add the elongation to the ſun's longitude ; the ſum is the geo- 
centric longitude of the planet ; but when the angle of com- 
mutation exceeds 6 ſigns, ſubtract the elongation from the 
ſun's longitude; the remainder i is the yon longitude of 
the planet. 

Note. Heliocentria . or latitude of a planet is that 
which it would have if it was ſeen by an obſerver in the ſun 
and geocentric is that which it ſeems to* have when viewed 
by an obſerver on earth. 


8. To find the geocentric latitude. 
As the the ſine of commutation - 
Is to the fine of elongation; 


So is the tangent of inclination, or heliocentric latitude, 
To the tangent of the geocentrie latitude. 


Ex gu. 1. Let ĩt be required to calculate the longitude 
and latitude of the planet Mercury, 1796, January 31ſt, at 


apparent noon, in the meridian of Greenwich? 


The 


— — 


„ C2 C3 FO (Ch 


PRACTICAL 


The equation of time is + 
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13m. 43s. Take a day from 


the time, becauſe this 1s biſſextile year, and apply the equa- 
tion; then the mean time is Jan. 30d. oh. 13m, 438. 

At this time the ſun's longitude is 10s. 110 27 11. Log. 
of the earth's diſtance from the ſun 4.99 3686. 


, For Mercury's Longitude. | 
m. Long. Apogee. Node. 
er ng 0+ col a. 
1796 8 13 19 58 81419 6 12155355 
Jan. 3od. 4 24617] 0 0 o 5] o © 0 4 
438. . 09 © 0 57 |—-8 14 17 11— 1 15 53 59 
| oO 16 8 35] 11 23 37 44 
O 16 835 — ___—— — — 
Equation — 22 30 51 | 4 1 51 24] 10 7 43.45 
| — —— m. Anom. Arg. lat. 
Orbit long. 11 23 37 44 
Reduction ++ 12 24 
Eclipt. long. 11 23 50 8 
Sun's long. — 10 11 27 11 | 
Commut. 1 12 22 57 
Halt. . - 0 21 11 28 
Sun's long. 10 11 27 11 
Elongation + 10 54 23 
Geoc, long. 10 22 21 34 | 
Io. 4-554812 
Curt. - —2021 Incl. 8. go 37 20/ 
— 4.552791 
Earth's ditto 4.993686 - 
S623 
70 453 10.440895 
—45 
25 4 53 tan. 9.6702812 
21 11 28 tan. 9g.5884913 
— 10 17 5 tan. . 9.2587725 
10 54 23 = elongation. 


| Fer 
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For the WR latitude, | 

Ed 1 V 
As fine commutation =< 42 22 57, 98287001 as 

To fine elongation <- 140 54 23  9-2769324 
So tan. heliocent. lat. 353 31 20 8.985339 4 
To tan. geocent. 3 1 33 16 18. 2622713 : 
F DR 5 8 8.433712 ; 
14 E 7 Longitude Latitude S. 
' | | 8 „„ ͤ tO ig # If: Mþ | 
W Mercury's heliocentric 11 23 56 8 5 31 20 
| | nn 10 22 21 34 1 33 16 
2. It is . to God the longitude and latitude of mer- | 


cury, 1799, April 28. at eee Hdpn in the meridian of 


Edinburgh ? - 5 
| D- b. m. s. 
Given time April 208 0 0.0 
Difference of meridians + -  +.12. 25 
Equation of time Err we i a, + 2 46 
Ro 5 Mean time at Greenwich 2 28 0 15448 | 


At this time the ſun's mt ogy is: 1 8. 85 38“ *. Loga- 
rithm of earth's diſtance 5. 03469. | 


3 TI | 5 For 
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For the leagitude of Mercury. 


m. Longitude. | e Node. 
D S n n „S. % „ „ 
1%/ñꝶ́ꝶqꝗj' 10 7 3 ] 8 44 16 2 1 5 54 38 
April - + 0-8 18-goj 354 4 „„ 
64... 3 1 nn 5 
15M. >: 21154073 TI 8 —— — ee tdi joted> 
11. 6 0 2 1418 2% —1 4634 32 

2 9 59 380 2 9 59 38 2 7 37 33 
Equation —2 22 5 — — TITTIES 
25 41 18] © 21 42 41 
. p ll] 2 Wee - 1 Anom. - mp La! 
Ecliptic long. +7 7 28 76 „ 
Sun's long. — 1 8 38 5 
Commutation © 28 50 41 
Half 9 o 14 25 2: | 
Sun's long. 1 8 38 5 ; 12 
Elongation +6 37 24 5 5 
Geo. long. | 1 15 15 29) 
| Lon =; 488219 : 
3 
Earth” s ditto $.003469 . 
Sf. i 
73 2 17 tan. 10.515594 
3 A 


28 2 17 tan. 9.7263899 


14 25 20 tan. y9.q102200 


| —7 47 56 tan. 9.366403 


6 37 24 = elongation, 
For the geocentric Trade, 


O " 
As S. commutation - 28 50 41 96934373 
To S. elongation - 6 37 24 _- 9.0619863 


So tan. heliocentric lat. 2 34 47 8.537438 
To tan, geocent lat. o 37, 1 17715780 


8.03 22928 


Mercury's 


8 G 
£ .. ö 
| 
F 
+ 38 
1 4 * 
* 
, 7 
Fa. 
* v 
| — p 
3 4 
*F PY 
| * 77 
4 Y ; 
; | 
1 
. 
N : 
/ * 4 
* 
, { Le 
; 
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Long. Let. N. 


Me ; > 7 ” . 9 
Mereury's heliocentric - 2 7 28 46 2 34 47 
geocentrie— 1 15 15 29 © 37 | 


— 


* 


1. It is required to calculate the longitude and latitude of 
the planet Venus 1796, Feb. 215 at e noon, in the 
meridian of Greenwich? 


\ Take a day from the time for biſſextile year, nd add the 


; equation of time + 14m. 36s. to the remainder, and then 


the mean time at Grenwich is Feb. 12d. oh. 14m. 36s. 
Sun's longitude is 108. 24 36 39”. Logarithm of Earth's 


en, | 
For the Longlende of. Venus. 
m. Long. Apogee. Node. 
| 1 1 " 9 Mo: 1 1 u 
17996 10 25 59 35] 10 8 33 o 2 14 50 4 
> WED. 1 19 40 4 429 
I. 19 13 3 2 I 
14 m. - | $ pony 4 — 
368. - 2|—10 8 33 2 14 50 8 
— * TITAM 1, 4. 7 0 
? OE OO. ͤ vin. boat”: wo. 
Equation — 47 12] 2 26 21 6| 10 19 16 52 
—— gs anom, | arg, lat, 


Orb. long. 1 4 7 
Reduct. +25 


Eclipt. long. 


EW 
Sun's lon. — 10 24 36 3 
9 


3 
33 1 


Commut. 4 


Half - 34 46 39 
Sun's long. 10 24 36 3 
Elongation ＋ 28 38 39 


Geoc. long. 11 23 15 1 


Log. 


> of 


Dd look] =awea = 1 
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| Log. | 4.859552 
Curt. — 324 Inclin. 8. 2 12 31% 
— 4.8 59228 | 
Earth's diſt. 4.994 


D F- 8 


53 47 46 tan. 10.135495 
45 9 O * 


8 47 46 tan. 9. 189 5988 
| 9.84 16322 


9.0312310 


(ON) 
* 
+ 
CON 
Go 
\S 
Land 
ho 
2 
* 


— 6 8 © tan. 


28 38 39 S elongation. 


For the Geocentric Latitude of Venus. 
; 89 i 
As S. commutation 69 33 19 9g-9717449 
To S. clongation— 28 38 39. 9.0806696 
So tan. heliocent. lat. 2 12 31 8.586211) 


To tan. geocentric lat. 1 7 49 18.266881 3 


— — — 


8.293 _. 

Longitude. Lat. 8. 

| K / X SN 

Venus's heliocentric = 47:0 2 12 31 
geocentrie - - +3 23 34-108 1 


2. Required the longitude and latitude of Venus 1797, Oe- 


tober 20th, 2 h. 30m. P. M. uppatent time, in the meridian 


of Glaſgow ? ? 
"a h. m. s. 
Given time, October 5 20 2 30 0 
Difference of merid. W. . ＋ 16 20 
Equation of time — — — 15 13 
Mean time at Greenwich 26: 2353. 


Sun's long. 64:57" 42" Log of Earth's dift. 4.997591. 
Ole | Hor 


4A 


. 
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| Node. 


& © f 1 


* RY 
23 
2 


— — 


— — 


nnn 9 
0 


— — — — 
— 


715 39 1 


* 


arg. lat. 


— 388 Inclin. S. 2 25 20”. 


; Fe or the Longinide Vente. 
N m. v. Long. I Apogee. 
8 © 8. % t,t 
17979. 6 1047 $ 10 8 33 49 
Octob. - 2:17 25 1 „ 
20d. 1 36 3 
2h. - 8 11 — — — 
Z1m. - 2 4j—1o 8 34 28 
S — 10 o 23 20 
„ | 
Equation +.6 41] 11 21 48 52 
2 . m. anom. 
Orb. long. 10 © 30 1 
Reduction ＋ 3..9 
Eclipt. long. 10 0 27 „ 
Sun's Wag. —6 27 42 © 
| Commut. 9 2 as 1 
Half 46 #2 4c 
| 8 | TIT 8. 0 
Sun's long. 6 27 42 
n en ＋T1 7 gl 
Geocent. lag. 8 4 51] 
| Log. | 4.862325 
Curtat.- 
by es — 4861937 
' Earth's diſt. 4.997591 
5 — 
53 48 O tan, = 10.135654 
—45 EY. ew) 
8 48 5 tan. - 9g.1897949 
45 22 30 tan. 10.0208520 
—9 13 30 tan. 92106465 
1 37 9 o S elongation, 


For 


«feof wc} 


PRAGHIGAL, ere mi 1 


Fo⸗ ii A! end Htitudt. 3 12 i ;7 
R 1 34 $491 1145 1 9 1,008: 2 * Ay A T0 Tl 4 5112 we 
As 8. commantation 92 450 2275797 
To S. elon 4 9-189 
8⁰ tan. Wee lat. F "I 4.486 | 6.82 2 
| 3115 f 5 4 291 10 at 350 3 2 
| To tan. geocent. lat. S. 1 2 18:46 2640000 [ff 
; f 4. 8 321 588 x" 41 . 2 "I 7 2 
| ; 8. 407% 02 _ 
MT Sm LF | Lat. 8. 
3 NK ws — — 
I.. ——, 22, ee, 
Venus's heliocentrie 10 0 2 1 2 25 20 
. 1 8 4 51 E - 1 27 
| l 2 
Pao 3. XXII. To calculate the Longitude and n UK 
| .. ſuperior Planet. . x 5 4 


* 


wo VS Ys =» 


Tan firſt four uticles of thk role for an 8 anſwer 


equally well for a ſuperior plane. 


5. Subtract the heliocentric ecliptic. Iongitude of A ſupey 
rior planet from the ſun's longitude, the remainder i is the 
angle of commutation; of which take the half, and if the 
half exceed 3 ſigns whe its complement to 6 ſigm. ot tot T 


6. Subtract the logarithm of the earth's diſtance öh the 


ſun from the curtate logarithm of the planet 8. diſtanee g add 


the logarithm tangent of 45 to the remainder; then from 


the number of degrees anſwering. to the _ſum, found in ch 
Table of tangents, ſubtract 45, and with the remainder and 


half of the commutation find out £ the 3 as Was done 


— (101355 101. 1 


for an inferior planet. 
7. When the angle of commutation is leſs. chan 6. "IHR 
ſubtra& the elongation from the ſun's longitude ; and when 


it exceeds 6 ſigns, add the elongation to the ſun's longitude: 


the reſult is the geocentric longitude of the planet. The 


geocentric latitude of a ſuperior planet is found by the ſame - 


rule as that of an inferior. 


T - 45 


* 
rr ery ATT” 
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1. It is required to calculate the longitude and latitude 
of the planet Mars 1996, Feb. 1 3th, bn nen noon, in 
the meridian of Greenwich? 

Becauſe the year is biſſextile, 6 away 2 day, and add 
the equation of time, and then 125 mean time is Feb. 12 d. 
eh. 14m. 36 6. 

Sun's longitude 10 8. . 245 36 . 5 of Earth's diſt, 
_ 4-994723- — 


For the Longitude of Mars. 
3 18. 4 #4 I'S Me 7 
1 „ 6 32425 6 21 118 0 6 
Bhs * © 16.14 4 # ev. 5 
12:0 „ „ -6.17 2 ; 
14m. | 19 
„„ 1 —5 2 19 8 25 18 0 9 
es en. 6 29 58 7] 6 21 1 


n - +— 8,326.99) 11 95-98 0 5 3 30 59 
arg. lat. 


Reduct. 14 4 


| Eclipt. "A e g 21 31 51 | 
Sun's long. 10 24 36 39 


Commut. -'4 3 4 48 
Half - 61 $2 24] 


ON log. 6 21 31 ö m. anom. | 


Elongation — 2 25 19 1 
Geocent. long, 7 29 17 21| 


| 25 Er N 
6 gente loag, 10 24 36 3 : 


© 1 WOK 0M AGQUQ 1 
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Logan. . 3.206336 


Curt. 0 828 44 Tack. N N. 49 309. 

| ST INES : 726889 —B ee 

„, „Eutb's dit. —- LG. ' .,., 

58 26 4 tan. oy 569 < 1 
60 wo 


Ft be £13 raft 9-3781597 1 
Ma 26 


* 23 4 54 tan. 275 9.6441 6 010128791. 
— — 8 1 ˙ m eaiads ; 
85 19 182 clongation, 4.25.9 Set AO 

For the Geocentrie Latinde of Mars, 8 


| w: +p.\#. 0 — 
As S. commutation 123 4 48 © 9. gagigns 25 


To S. elongation 85 19 18 9.9985 8h 
So tan. heliocent, lat. 49 * 8.158 3613 f 


To tan. geocentric lat. 5 52 18.1 569122 = 2 


ee ee 8.857152 * 
8 a Lat. N. 


>, 
* 


: CAFE CL 4 wo 5 
| Mars's bahbeestrte 1 aw 
— georegtric „ 29 17 21 53 52 


2. It is required to calculate the longitude and latitude of 
the planet Mars 1797, Decem. iſ, at. apparent ROT. in the 
meridian of Greenwich ? 

Equation of time — 10m. 21. 9 


— — 


ad - 1:14 Dies: Ws wt 
Given time, Dec... EN 1 
Equation of time ö 10 232. 
0 23 49 38 


Or Nov. yoo. 23h. 49m. 38s. mean time. 
Sun's long. 8s. 9 52' 3”. Log. of Earth's diſt. 4.998536- 
For 


— — 
%. 


. 2 * T who. . 9 — 7 ns he 1 _ a 
— —  —— — — — —  — — — . — 
n 


* 


£30 PRAOTICAL' ASTRONOMY. 
Or Oþ 1% nil Pub he Longitude of Mare. 


wen 


m. Low... 7 ARE 
8 

1797 8 4 52. 
Nor. 5 9 19 
30 d. 15 43 2 
23h. - * * 8 — W 
„ bee, os, —5. 2 21 54. — 18 O 59 
38 8. - 82.050! . 16 29} 6, 7 I 


Equation e ee a f. 
Orbit long. 2 101472015 25 r ON 5 
ReduR. 


i] Cty as nt 
Eclipt. long. 6 4 
Sun's 9g 9% 8 9 4 eee 
a CS 2 3 5 0h 
Half LI . 


Sun's I” is 
PO 7; — 1 


46.4 £1 


Geocent. Tong: 7 © 19 = 


My 5511 34 Q #7 


* = 3213373 
9 . e lndla. N. 10 11' 46", 


7 OO LAB LM 5.213218 2285 
% he \ Earth's itt. —4:993536, 


+42 58. _ a . „ 10.219742 1 
—45 0 0 F 10 


* 34 tan. 9.7797938 


ek 44.4 ' 


ny 29 10 tan. - 9.1737763 4 


— 


39 e elongation. 


85 1 4 + EY | -' , For 


% 1 
«OF; * 2 114 


„* 


I 


—— EE  InEIG 


w» * 
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For the Geocentrie Latitude of Mars. 
0 ﬀ 
"As 8. ap K enn 
' To 8. el ngation— 39 32 44 98039291 
So tan. Fhodent lat "4 T1 46 8.319720 


To tan. 2 lat. * th 41 — Lo 


Nt W9er & «os POLY: ; y —— — & 
* 


Wow? Fon © B.1772272 Ty 
. b 2 91 * \ * 


«=>» 
3 


— n Gs Lak. N. 
„ r 3 


5 t 


| Marys helioerntric * 7 44.54. 2 L 


1. Required the 3 an latitude of the e Ju- 
piter 1797, July 11th, at apparent noon), in the DOIN of 


r 


Edinburgh? ſes Es 12 He El 
22 

. . e 019 Au. * 

Given time July "Ln ein © 0 : 


Difference of — (2 0 TIA 
Equation of time . 31 8 —.— 355051 
— ᷣ ͤ d 


: 0 
Mean time at Vos 0 17 29 
{ 88 TSF: To 0 d — "JC 5 1 


Sun's longitude 35 19² 32 zo”. Logerithm of Earth's 
diftance es h | 


- * * 
JL * 4 
6 * 
22 
3 ** * „ 
* —— —ͤ 
+ i * 4 — 
of Ts ft 4 2 — 1 * 
8 FS | : . 
1 
3 
— —E—ä — — - F. 
* * - 
2 * * 
* } . 
- 2 EY 
* 


Elongation —3 © 55 49] 


Geocent. long. © 18 36 Sol. 


PRACTICAL ASTRONOMY. 


Fir the Longitude of Fupiter 

m. The.” 12 Apogee. . . 

8807 T4 a 0 at. ol A. © lt 7 FP ——_ 
1797 — 11 21 12 4 : 
JETS  C.N7 Ry 28 hes. 18 
„„ . 2 I 
17 8 . 7 | 3 eee ae 2 x TY 

Kerri 1 3 8.53 1 
29 9. o 7 10 30 2 
Equities, ; . 2444 2 6456 
Orbit long. © 6 45 46 5 25 58 55] 8 27 52 27 
Reindl. = 7 ; 1 m. anom. 8 arg. lat. 
Eclipt. long. — 0 6 45 44 ; 
Sun's long. 3 19 32 30 

: Commut, | 5 * 3 12 46 46060 8 5 

Half - 17 OT 23 00 I 
Sun's long. 25 3,19 32 30 * 


—115 Inclin. 8. ent 6. 


ES T1I.0 i 1 u > 

Log. "4.694680 

| 5-694565 

8 „ Earth's diſt. — 5.007172 

98 23 34 tan. 10.687393 

— 0.0: | 

33 23 34 tan. g9.8190156 

51 23 23 tan. 10.976797 

+39 32 17 tan. 99166953 


90 55 40 = elongation. 


For 


8 1 


0 
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For the Geocentric Latitude of Jupiter. 

| | 8 1 
As 8. commutation 102 46 46 9.98913 52 
To S, elongation 90 55-49 - 9-9999431 
So tan. heliocent. lat. 119 6 8.3619793 
To tan. geocentric lat. 1 21 5 18.3619224 
8.372787 
1 Lat. 8. 

| 5 44 U—“ ao. 
Jupiter's heliocentric o 6 45 44 1 19 6 
geocentric o 18 36 50 5 1 215 


2. Required the lon gitude and tvs of the planet Jo- 
piter 1798, December 7th, at apparent noon, in the meridian 
pf Dublin? Lat. 53* 20 N. Long. 6 28' W. 


Given time Decem. ee 7 0 oO 00 
Difference of meridians W. + 25 52 
Equation of time . 
Mean time at nen 7 0 I7 5 3 


Sun's longitude 8 8. 15 ad 15”, Logarithm of Earth's 
diſtance 4.993201, 


For 


_— — — 


8 
Sun's long. 3 
Elongation | 


| Geocent, long. 7218 20 34 
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For Jupiter's Longitude. 


Eclipt. Jong, + — 31 54 
Sun's long. 15 44 15 


Commut. oe prep | 
=_— | T 3 11 6 re} | 


Complem. 78 53 48 


8 15 44 15 
+5 236 19 


* 


— 


1 55 
Cu 


3 60 


© Fn. 


# * 


5 699865 5 


5.699801 


Earth's diſt. — 4.993201 


n 
„ 

33 52 55 tan. 

78 53 48 tan. 


10. 7066 


9.8270555 
10.7071834 


+73 42 31 tan, 


10.5 342389 
152 36 19 = elongation, or 58. 2 36 19", 


m. Long. Apogee. 
8 L CEO PN wa | 5 - 
1798 Sx 6 23 49 107 $6 11 12 ot: 2 
Decem 29 4% „%%% „ 
FTF M1 
7 m7 „ | 14 4 — — — — 
„CCC (N —6 11 13 -3 8 54 34 
Türer © T9. 5 10 119 54 100 1 23 31 27 
| Equation © - + 33717 —_——| wt 
| 8 41 100 10 14 36 53 
Orbit long. 1 23 31 27 7 1 © n 
ee » of + * nome | arg. lat. 


— 59 Inelin, 8. 5 22”. 


For 


tl 


— 


wo 1 . © 
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For en $ Geocentric Latitude. 


L r 8 
As 8. commutation 22 12 24 3 . 
'To 8. - elongation OT, ; 23 4 9.6628692 _ 
80 tan. heliocent, lat. 36 22, 8.2147874., 


To tan; geocent. lat. 8. 1 11 33 17.8776566,.. 


- .$.3002240 
Le Lat. 8. ; 
8. „ = | 


Jupiter's heliocentric 1 23 31 54 © 36 22 
geocentric 1 18 20 34 1 11 33 


1. It is required to calculate the longitude and latitude of 


the planet Saturn 1797, April 25 at 2 — in 71 
meridian of Greenwich? - 


The equation of time is + 4m. 2 8. therefore the mean 


time is April 1d. oh. 3m. 1 
Sun's longitude os. 12 14 35" 1 ee of Earth's dif 


tance 5.000230. 
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70 5 48 = clongation. 


146 
. For the Longitude of Saturn. 
m. Long. Apogee Node. 
2 8. ets © 4. # 3 9 1 
ANY MIH 9 - $.91-:4 31 $4 47 + 
„ „ 2.0 : | 17 8 
1 d. 8 1 — 
4 Ms 1 5 171-3 2T $4 55 
—— 7 i 9 
1 — i 
Equation — 18 5 5 27 32 31] 11 6 24 48 
| m. anom. 3 arg. lat, 
Orb. long. 2 28 19 43 | 
Reduct. ＋ 1 12 
Eclipt. lon. —2 28 20 55 
Sun's long. © 12 14 55 
Commut. 9 13 54 © 
Half - 421 57 © 
Complem. 38 3 0 
Sun's long. 0 12 14 55 
Elongation +2 10 5 48 
Geoc. long. 2 22 20 43 
Log. 6.954091 
Curt. — — 66 Inclin. S. 10 0/40. 
3 
Earth's diſt. —5.000230 
. 
83 39 12 tan. 10.953795 
, - | 
38 39 12 tan. 9.9029893 
38 3 0 tan. 9.893 5909 
+32 2 48 tan. 9.7965 802 


diſt 
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For Saturn? s Geocentric Latitude. 
| 0's 8 3 
As S. commutation 76 6 © 9. 9870924 
To S. elongation 70 5 48 9.9732517 


So tan. heliocent. lat. S. 10 4 838.2424038 


To tan. geocent. lat. S. 58 11 18.21 56555 


8.228 5631 = 


8. A —— —_— 40 


Saturn's heliocentric 2 28 20 55 10 4 
— geocentric 2 22 20 43 o 58 11 


2. It is required to calculate the lopgitude and latitude of: 


the planet Saturn 1797, Auguſt 1, at midnight, apparent 
time, in the meridian of Stockholm in Sweden ; latitude” 
59? 22 N. and lengitude 18* 12 E.? 


| | N 
Given time Auguſt . 11 5 
Difference of meridians K. — 1 12 48 
Equation of time = -.-- Þ- 5-54 
: — — 28 
Mean time at Greenwich 12 9 


Sun's longitude 4s. 100 1, 57”, Logarithm of Earth's 
diſtance 5.006241, 7 


— 


Geocent, lon; 3--6 29 22 


* - Log. 85 
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Fier Saturn's Longitudrr. 
m. Long. | " Apogee. Node. 
— — 8193 r 
TY 5 9 &, ) Ss © . 7,4... Tt AI v 

1797 225 34 54] 9 1 5 J 321 54 47 

Aug. 7 © 5 39 18 
3 4 8 2. I. — ——— 1 —— — 

15. 69 1 5 39= 321 55 5 

SIM. 8. „ eee e 58 

JOY + 2/43, 31 6 138 16 11 © 

Equation TL 25 — m. anom. arg. la,” 

Orb. long. 3 2:55 58 

Reduction 93 I 1 

Eclipt. lon. —3 2 54 57 

E 4 10 1 57 | 

rita ——— | 0 

Commut. | % et 

wr 33 30 

Sun's ling: 4 10 157] 

Elongation —1 3 32 35 ” 


2 


4 9340 75 


— 44 knclin. 8. 4s 52, 


5.954031 
Earth's dift, —5.006241 


20-8 

83 33 56 tan. 10. 94 
45 0 0 10 

38 33 56 tan. 9.901609 

18 33 30 tan. 9.259873 
+14 59 5 tan. 9.4275963 


— —ä 


33 32 35 = elongation, 


For 


PR. 
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For Saturn's Geocentrie Latitude. 
: i, of» 
As S. commutation 37 7 0 97806341 
10 8. elongation 33 32 35 9.742372 


So tan. heliocentrie lat. 48 53 8.15 29162 


To tan. geocentric lat. 44 45 177.8952883 


— — — 


8 Vx i "u 


7 
Saturn's heliocentric 3 2 54 57 48 53 
— geocentric 2 6.329 23 44 45 


PRO. XXII. The Gevcentric Longitude and Latitude of any 
Planet being given, to find its Right Aſcenſion and Declination. 


Work by the rule given in the ſolution of Prob. XX. p- 
124. FR nn EE 
Exan. 1. It is required to find the right aſcenſion and de- 


clination of the planet Mercury, when his geocentric longi- 
tude is 108. 229 21 34 and latitude 1% 33' 16” S.? 


For the Right Aſcenſion. 


8. 0 ſ I 


1. To longitude - - 10.22 21 34 


The reduction is „8 ＋ 2 22 7 
Eclptic right aſcenſion - 10 24 43 41 
Correction — - + 31 29 
Right aſcenſion | - 10 % 15 10 
| Or Xo - s 72 15 10 
R. A. in time „ 21h. 41m, os. 


For 


. 


1;0 PRACTICAL ASTRONOMY. 
For correcting the Right Aſcenſion on account of the lati- 


tude. 
8 L 61 
2. Long. 10 22 21 34 with Lak 2 gives + 40 33 
— —1 — 20 11 
Difference 20 22 
„ 1 
3. As V 60 © Lat. O 
| - To 3 # | one, 4692 1 
— .. 2561 
„„ xn 18 7253 


Add 20 11 


＋ 31 29 S the correction 


For the Declination. 


| 1. To long. 108. 22 21' 34' the ecliptic declin, is 140 4 

| | 36% 8. | 

| * 1 * 0 „ 

| 2. Declin, 15 4 36 and Lat. 2 = reduct. of lat. 6 35 
| — — 19 


Difference = 3 16 2 


. ; „ 1 4 . 
„Ie. 0 
IS -- 4:6 12640 
So - 33 16 Lat. 2561 
To - = 1 48 15201 
AS 3 
Reduct. 1 7 
POE | | * 
4. From the given latitude WE 1 33 168, 
Subtract the reduction - —5 7 
Diminiſhed latitude - „„ 1 98. 


Add the ecliptic declination - 14 4 36 9. 


Mercury's declination 8. - 15 32 45 
: Mercury's 


PRACTICAL ASTRONOMY. 151 


Mercury's right aſcention in time = 21h. 41 m. 
and declination ſouth = 15 32! 45”. 


2. When the geocentric longitude of Mercury is 18. 15 
15' 29', and his latitude 37 1” N.; required his right aſcen - 
Gon and declination ? 


For the Right Aſcenſion. 


„ 


1. To longitude — - 1 15 15 29 
The reduction is - - — 2 28 18 
Ecliptic right aſcenſion — 1 12 47 18 
Correction 8 — — It 21 
Right aſcenſion - 1 12 35 50 
Or . wy 42 35 50 


In time 2h. 5om. 23s. 


2. For correcting the Right Aſcenſion- 
To long. 18. 15 15 29“, and lat. 10 the correct. is — 18' 


" 


24 . In this example 18/24“ is alſo the difference. 


=. 1 
3. As - 60 o Lat. 0 
To 18 24 5133 
80 37 I Lagt. 2098 
To - 11 21 7231 
For the Declination. 
1. To long. 18. 15 15! 29”, the ecliptic declination is 


16? 25 46" N. 


2. To declination 16® 25 46“, and latitude 371%, the 
reduction is 2 39“. 


3. From 


. . i had 
— 
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Vn e 

3. From the given latitude N. — © 37 1 
Subtract the reduction 5 — 1 38 

Diminiſhed latitude nl o 35 23N. 
Eeliptic declination - » +16 25 46 N. 
Mercury's declination N. — 17 9 


The right aſcenſion of n in time 2h. Som. 238. 
and his declination = 17 109% N. 


Note. In this example the reduction of latitude was found 
thus: 

To declin. 169 25 46", and lat. 1* the reduction ĩ is 2 39“. 

Then, as 1* lat.: 2 39” : : 37 1“ lat.: 1 38“ the reduct. 

For when the planet's latitude is leſs that 1, the reduction 
taken out of the Table, p. 68, 69, anſwering to 1“ of latitude, 
is to be accounted the difference; becauſe the Table is made 
only for whole degrees. 


3. It is required to calculate the right aſcenſion and de. 


clination of the planet Venus, her geocentric longitude being 


118. 23 15 18', and latitude 1? y' 49” S.? 
For the Right Aſcenfion, 


. 


1. To longitude 11 23 15 18 
The reduction is 1 
Eeliptic right aſcenſion - 11 23 48 31 
Correction - 8 + 26 54 
Right aſcenſion . 11 24 15 25 

Or y „C - « SIGTS 25 
In time i 23h. 37m. 28, 

For 


51 


PRACTICAL aun. MY. 


Diminifhed latitude - > - 


1 
Add the ecliptic declination - 2 40 51 8. 


Venus's declination - - 3 43 


1 | 


For correQirig che Right Aſcenſen. 5 
g ron % mee 
2. 75 Ha It 23 15 18, and lat. 2; the eortetds is 47 38 
mms — —9 4 
12 4 8 k Dittes n 23 3 50 
5 R 18 8 3 5 71 * 1 55 9981 
3» As * 2 60 O Lat. ID 3 913 34 
= 84-49 4010 
So OP 7 49 Lat. 8851 5 
. 4 — ä — — 
eee 3 6 12861 
Add  <- 23 48 a 
Correct. 26 54 „ "On 
For the Declinstion. 
I, To long, 118. 25 15 18", the n 624 
' 51” South. 
o 1.0 0 1 
2. To declin. 2 40 51, and lat. 2, the reduction is 9 51 
| — — — — — t. 1——— 4 56 
3 11 _ Difference » 4 55 
| f " : : . Fa 
$4.5 „ * 
VVV 10865 
Bees -- 3.40 Mt: 8851 
„„ 19716 
Add 4.6 | 
1 0 3 3 
4. From the given latitude . 1 7 49 
Subtract the reduction —5 4 


The right aſcenſion of Venus in time = 23h. 37m. 28; 


and declination ſouth = 3* 43“ 6”. 
X 


4» Re- 


154 


4. Required the right aſcenſion and declination of the 
| = Venus, when her geocentric . longitude i is 88, 45 1, 


PRACTICAL ASTRONOMY. 


and my 19 2 57" ſouth? 


- 1. To longitude 


For the Right Aſcenſion. 


. 


. 
The reduction is gn - — 1 57 21 
Ecliptic R. A. . 22 8 2 33 39 
Correction - - _—_ J7 12 
R. Aſcenſion a+ od 8 2 36 20 

„ "242 36 20 


In time = - 


2. To long. 86. 45 51, and lat. 2% the correct. is 23 41 


- 16h. 10m. 258- 


For . the right aſcenſion. 


3 


— lat. 1 — 11 46 
| Difference 11 55 

1 lat v. 1. 

_ As * * 60 o lat. O 

33 „„ | 1029 
So - . lat. 3318 
To <P . 2 33 10338 
Add « 11 46 | 
Correa. „ 


For the declination. 


1. To Jody. 88. 4 510, the rr decl. is 219 / 47 8. 


. To decl. 210 7 a and lat. 29, the reduct. is 


6-8 

— — — lat. 1 ,—— 1 1 

- | : . f | — 
Difference 1 


1221 


3. As 


PR 7 
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eb i gen 1. 
l bin — 5 . ar 
To - 1.0 - 29908 Wer . 
80 Fa, $2 „„ Ty 
TT 10 27 2110 if 
Add PLL 0 Þ ; 00 Þ 
__ 2 5:2 28 ot 
| PE s: 4 
4: From the given oY „ 1 27 578. 
Bubtract the reduce. — 1 28 
- Diminiſhed late. 16 29 B. 


Add the ecliptie decli in. 121 7418. 
Venus's declination | 5 RR, Ic 


2 4 
The right aſcenſion of Venus in time = hk 10m. 258. 
and declination ſouth 225 34 10”. 


5. It is — to calculate the right aſcenſion and de- 
dialen of en Mars; bis geocentrie 1 being 
78. 29 27 21", and latitude 58 52” N.? 


For the Fight AſcenFon. 

5 100 ooo 

1. To bigtade A heffinicaib 7 29 17 21 

The reduction is - = — 2 12 58 

Ecliptic R. A. 15 — wt: TE 42 

Correction * xg. 36 

R. aſcenſion oh COL > rn. 49_ ; 

_— TY - 237 17 49. 

L 7 MLS n 
In time - > te 5 
2. For 


— nts w > 
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For correcting the R. Aſcenſion. 


2. To og: * 297 17 21” „ and lat. 1, the correct. i, 
8 


81 5 8 1.19 

3. A — oo h 

eo, de o 13 42 - Gan 

80 - 4 1 $8 fa lat. 

To — 22 1 13 26 6497 
0 For the Declination. 


21 244: 10 


1. To Jon. 78. 297 17 21', the celip. degl. is 205 1-14" 8. 


„ > a 


EY To decl. 20 1' 14”, and lat. 105 the tel, is 1257 


* 18 . 1104 21 r bel 
1 „ 6 o lat. 
54 J*%; CO 8 Fo EIT - 1 277 51 u 16169, 3 * 
5 © OPS 
272 21 101 = iat ai n io —_ 7 
T , i 24. 16352 - 


. glugſra 02 U ry $2 N. 


ae eifl 7 f 194 1 1 230 


- £3 bus biin nns op 
Diminiſhed 9 RISE OS - $7 29 N. 
ola agu 01 
| .© EB 
From the ecliptic declination - [20.1 14S. 
SubtraQ*the diminiſhed latitũde . == 29 N. 
1 1 08 


Deglination of Mars 2 29, 3. 45 S, 


The Abt aſcenſion of Mars in time = 1 Fh. 49m. 118. 
and — nation 2 = 19" 3 45. 


2 


6 "Required * right aſcenſion and declination of FY pla- 


net I when his geocentric * is had ns 1 19, - 
and-latitude 57041 north? a 


101 2 


For 


PRACTICAL ASTRONOMY? 


£57 [ 
For the Right Aſcenſion. | | 
| 1 +, &4::105114 10013798 | 
”. To BY 1 os i LO 9.19, 29; | 
The reduction i is 8 — 2 6 30 | 
Ecliptic right aſcenſion * OS 28 12 49 
Correction - - 5 + 18 27 
Right aſcenſion 3 5 28 31 16 
Or - - 208 31 16 
In time 1 5 - 25 54m. 58. 
| For — the Ecliptic Right Aﬀcenfion. 
2. To long. 78. o 19/ 19”, and lat. 10, the reduct. is 21' 26”, 
10 ry 17 Sir UE 
3. ts „ a; 
Tt 21 © - 4425 . | 
7 5* 4¹ . 
25 — | 
T0. 2447 5119 | 


For the Dedliaation. 


i. To long. 7s. o 19 19), the eclip. declin. is 11 36 10S. 


2. To declin. 11% 36“ 100%, and lat. 10 


$f N . 

+ As - - ©: 6k 7 e8- 
To 348 11984 | 
So "on 41 Lat. 648 4 
| To - =3 16 182632 2 | 
Diminithed wn » 25 : | 
4. From the -ectigthe declination - It 36 10 8. | 
- Subtradt the diminiſhed latitude «- — 48 25 N. | 

| Mars's declination 5 10 47 458. 


„the reduct. is 3 48”. 


The right aſcenſion of Mars in time 13h. 54m. 5s. 


and declination 10 47' 45% ſouth, 


7. It 


— 


— 


— ä , , 


— — — 


8 , 9 — _ ORAL SS, .. — „ — —_— 4 
e — . r 2 I 


| 
| 
| 
| 
| 
| 


— — 
. — — 


* - 
äↄ;— moe IE Fa * ' 
— ic — —ELt —— —äñ6— . — — — 
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7- It is required to calculate the right aſcenſion and decli. 
nation of the planet Jupiter, his geocentric longitude beng 
os. 189 36 50”, and latitude 1* 21' 5” ſouth ? 


For the le: Sebi, 
" "84, 72 OE 
1. To longitude = o 18 36 50 
The reduction ies — 1 26 54 
Ecliptic right aſcenſion  - 017 9 56 
Correction - 8 +31 1 
Right aſcenſion | _ o 17 40 57 
Or in tine Ih. 10m. 438. 
For the correction of et Aſcenſion, 
„ en 


2. To long. © 18 36 50 and lat, 5 the reduRtion is 45 52 
— — — nt. 1 — 22 59 


Difference” 22 53 


ett ts! L. L. 

3. As , 560 o Lat. 0 
"77. EG - 22 53 4186 
00 - * 21 5 Lat. 4542 


5 
ao 
dd 


8728 


31 1 = the correction 


For the Declination. a 
To long. os. 189 36 50%, the eclip. declin. 15 18 % N. 


in 
2. To 8 7 18' 7, and lat. 20, the reduct. is 90 
— kt. 1——.— 4 30 
4 
| 11 3- As 
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2 AE « IL. L. 
I a >  & SS I0 
To 4 30 11249 
So 21 5 Lat. 4542 
1 15791 
1 
6 4 
| © F PF 
4. From the given latitude - 12158. 
Subtract BS W | - * — 6 4 
Diminiſhed latitude I 15 IS, 
| 3 
5, From the ecliptic declination 7 18 75 N. 


Subtract the duniniſhed latitude >» — 1 15 18. 
Jupiter's declination Ea - 6 36N. 


Jupiter's right aſcenſion in time 1h. 10m. 438. 
and declination 6* 3 6” north. | 


8. Required the right aſcenſion and declination of the pla- 
net Jupiter, when his geocentric longitude is 18. 18200 34", 
and latitude 1* 11' 33“ ſouth? a 


For the Right Aſcenſion, | 
| % 
1. To longitude - x 18 20 34 

The reduction is -= —2 28 3 


Ecliptic right aſcenſion - 115 52 31 


Correction - . + 20 38 
Right aſcenſion = I 16 13 9 
Or | 5 bY: * A 46 13 9 
In time 5 . 3h. 4m. 528. 


For 


„ eng 23 gre 


—— —ͤ—ä— —— Ia err 
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For the correction of Right Aſcenſion, , 
Q n tio 
2. To long. 18. 18 20' 34% and lat. 20, the reduct. i is 34 30 
— lat. . — I7 20 1 
Differencte 17 10 7 
. i 
3 As wa 60 O Lat. 0 O 2 7 
To 1 0 ...- "8 
So » 11 33 Lat. 7156 
To + - „ 12591 
in Add — 17 20 | 
20 38 = correction 
6 | For the Declination. 
| | I. To long. 1s. 18 200 34”, the ecliptic declin. is 17 18 
= 29 N. 
#1 | 3 
N Is 2. To declin. 19? 18' 29%, and lat. 20, the reduQ. is 4 39 | 
'] j Difference = 2 17 
| | 1 | „ L. I. 
8 %%% 6 
8 To - . 14196 
| _ 11 33 Lat. 7 
| To - © 26 21352 
_ Add - 2 22 
| Reduction 2 48 | 
| | e | 
4+ From the given latitude Bn 1 11 33 8 
Subtract the reduction yy —2 43 


Diminiſhed latitude - 1 85 1 8 45 8. 


3 4 Ul 
3. From the ecliptic declination - 19 18 29 N. 
Subtract diminiſhed latitude - — 1 8 458. 


Jupiter's declination — 16 9 44 N. 
Jupiter's 
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Jupiter's right aſcenſion i in time Sk. on 52 28, and declina- 
tion 16* of 44” north, — 07.4? 


9. It is required to calculate the right als and de- 


clination of the planet Saturn, when his geocentrie NN 
is 28. 22 20 43", and latitude 58/ 11 ſouth? 


For the Right Aſcenſion. pI * 
8. 
4 To W 8 2 22 20 433 
The reduction ii — 40 53 


> ä — 


Ecliptic R. A. b - 2.21 39 30 


Correction — - 3 3 38 c 
R. Aſcenfon - - 2 21 43 28 

Or Frick - 81 43 28 
In time . u 5h. 26m, 538. 1 


For the Correction of R. A. 
2. To long. 28. 220 * 43", and lat. 19, the reduQ. 1 3 45% 


| " L. L. 
z. As ' + 60 1 
%% . 
1 58 11 lat. 134 
3 3 38 correct. 12175 
For the Declination. 


1. To lon. 26. 22 20 43“, the eclipt. decl. is 23%1 14 18' N. 
* To decliu. 230 14 18”, and lat. 1, the redust, is 10%. 


14 4 (+ L. L. 
1 As . ĩðͤ 
. - O IO 25863 
8 it at. 
, f f n et Pain GI: 
- f of 1 
3 From the given lat. J 


Diminiſhed lat. e , eee 
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9D bes es: ; Ws 6 A 


5. "a the — 3 — . 23 14 18 N. 
Subtract the diminiſhed lat. — 2 28. 
Saturn's declination 22 16 16 N. 


Saturn's right aſcenſion in time 5h, 26m, 5 3s. and his de- 
clination 220 16 16% N. 


Of the Cycles of the Planets, or their returns to the fame Poſition 
| with reſped to the Sun and Earth. 


Tur time when any planet, ſeen 6355 the 9 leaves 
any particular poſition, ſuch as a conjunction with the 


ſun until its return to the ſame again, on the ſame day and 


hour, depends on the proper motion of the planet and of 
the earth round the ſun in their orbits. This time is called 
the /ynodical revolution of the planet, and by ſome its cycle. 
Every planet has a cycle peculiar to itſelf, 

The cycle of Mercury is 79 years, for in that time the 
planet makes 328 revolutions round the ſun, and 15 26' more 
and the earth falls ſhort of 79 revolutions by 7 43“; and 
therefore they are very near the ſame poſition as at the be- 


ginning of the cycle, according to their mean motions. All 


the different poſitions of Mercury and the Sun, ſuch as their 
conjunctions, the times of the planet's greateſt elongation, ri- 
ſing, ſetting, and coming to the meridian of any place, occur 
during the time of a cycle ; and all theſe poſitions happen in 
the ſame order, on the ſame days of the month, and nearly 
at the ſame hours of the day, during the next cycle. But it 
muſt be remembered, that the mean motions of which we 


' ſpeak differ from the true more or leſs according to their 


anomalies. 

The cycle of Venus is 8 years, for in that period Venus 
makes 13 revolutions round the ſun. and 10 82 14” more; 
and the earth makes 8 revolutions and 3 41“ more, accord- 


ing to mean motions. Venus paſſes through all her different 


poli- 
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poſitions with reſpect to the ſun, and appearances with reſps& 
to any place of the earth during her eyele; ſuch as her con- 
junctions with the ſun, her greateſt elongations, her times of 
being the morning and evening ſtar ; as alſo the times of her 
riſing, ſetting,” and being on the meridian of any place; and 
if theſe be known for every day of one * they are known 
nearly during the next cycle. ? 

The cycle of Mars is 79 years; for in that time he moves 
round the ſun 42 times and 10 33' 8”. more; and the earth 
falls ſhort of 59 revolutions about 8' 1” by mean motions. 
Therefore, in whatever poſition the Sun and Mars are at any 
given time, after 79 years, they will be nearly in the ſame ; 
and every appearance of the planet to a ſpeQator in any place 
of the earth during the cycle, will return nearly at the ſame 
times in the next cycle. | 

Jupiter's om is 83 years; wherein he moves 7 times round 
the ſun, and 3' 37“ more; and the earth goes round the ſun 
83 times, wanting 5, 52% and therefore their places differ 
only 9 29“ at the end of the cycle, by reckoning their mean 
motzons, which is ſufficiently exact. Some make Jupiter's 
cycle only 12 years and 5 days; ; 3 Jupiter makes one 
revolution round the ſun, and 4 46' 14” more; and the earth 
exceeds 12 revolutions by 5* 1 16" ; 10 that their mean mo- 
tions differ only 15 at the end of the cycle : wherefore, if 
Jupiter's poſitions, with reſpect to the ſun, be calculated for 
12 years 5 days, they wall be nearly the ſame during the fol- 
lowing period of 12 years, &c. 

The cycle of Saturn is 59 years 2 days; for in oy ſpace 
of time he goes twice round the ſun, and 1* 55' 22“ more; 
and the earth goes 59 times round the fun, and 141 19” 
more ; ſo that their mean motions differ only 14' at the end 
of the cycle, which, being ſmall, may be neglected. There- 
fore, if Saturn's mean longitude, latitude, anomaly, and diſ- 
tance, from the ſun be calculated, or otherwiſe known for 
any time as ſeen from a given 1 on earth, all theſe will be 

nearly 


. 
| 
' 
: 


| 

| / 

j 

| 

| 

| 
'| 

i 


Gs calculation muſt begin with finding the longitudes, and 
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neatly the ſame at the end of 59 years 2 days. And the 


ſame is true of all the other 228351 with reſpect to their pro- 
per cycles. 


Pu ROB. XXIV. To calculate what time a Planet Twill be on the 
Meridian n any given day. 


-  Cat.curare the right aſcenſions of the ſun and planet in 


time for the noon of the given day, and ſubtract the ſun's 
right aſcenſion from that of the planet; the remainder will 
be the time when the planet i is on the meridian, nearly. 


If greater accuracy is required, calculate the right af. 


cenſions of the ſun and planet again for the time already 


found, and ſubtract as before; the remainder will be the true 
time when the planet will be on the meridian. 


Note. When the planet's right aſcenſion is leſs than the 


ſun's, add 24 hours to it, and ſubtract the ſun's right aſcen- 


ſion from the ſum. 


Rage It is required to find the time when the planet 
Mercury was on the meridian of London 318 Jan. 1796? 


3 
At chat time Mercury's right aſcenſion 21 41 0 


And the ſun's FOE aſcenſion +» « 20 55 38 


— — — — 


Rufer 1 - - - O 45 22 
That is, Mercury was on the meridian 45 minutes after 
the fun, Here the ſecond part of the rule is uſeleſs ; for the 
right aſcenſion of Mercury cannot vary above half a minute 


in three quarters of an hour; and the ſun's not above 12 ſe- 


conds. 


Note 1. The rule directs to find the right aſcenſions for the 
noon of the given day, which is the moſt proper time, when 


from 
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from thence the right aſcenſions of the ſun and planet; but 


if theſe be found for any time nearer to the moment when 
the planet is on the meridian than noon, the anſwer will be 
more accurate, 5 5 


2. When one wiſhes to know the time when any planet 
will be on the meridian, it is a good method to calculate the 
longitude of the ſun, and the geocentric longitude of the pla- 
net, for the noon or midnight of the given day; and by ſub- 
tracting the ſun's longitude from the planet's, the remainder, . 
turned into time, will be nearly the anſwer. Then calculate 
the right aſcenſions accurately for this time, and by ſubtraQ- 
ing the ſun's right aſcenſion from the planet's, the time when 
the planet is on the meridian will be truly found. 


Ex AM. 1. It is required to calculate the time when the pla- 
net Mercury will be on the meridian of the Iſland Bermuda, 
in longitude 639 32' W. January 15th 1798? 

Anſaver, at 1h. 13m. 148, 


| D. Re. Wh. 6% 
January - . - 1 6 
Equation of time ST £5 +10 3 


Difference of meridians weſt - 4 14 8 


Mean time at Greenwich when : | - 
it is noon at Bermuda. 5 4 24 


$64 7-8 


At this time Mereury- s geocent. long. 10 13 55 29 
Sun's longitude 3 - —9 25 53 19 


———_— —_— — 


_ Difference - © 18 2 10 
which in time is 1h. 12m. 8s. when the planet is on or very 
near the meridian of Bermuda. 3 

1798, Jan. 15 d. 1 b. 12m. 8s. the ſun's Tongitude = 
98. 25* 45' ©', R. alcenſion 19h. 2 548. 


Mercury's s geocentric long. 108. 135 41 31”, and lat. 25! 
46" N. 


For 
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For Mercury's R. Aſcenſion. | 


. #7: 7. 48 


To longitude „„ 102-138 
The reduction is =— . + 2 18 24 
Echptic right aſcenſion W 10 16 9 55 
Correction - - — 741 
Right aſcenſion = "10 16 2 14 
Or ;; 316 2 14 
h. m. s. 
In time = - 264 © 
Sun's R. A. „E 
Mercury on the meridian = = I 13 14 


15 the Correction. 


To long. 108. 137 41' 31%, and lat. 1“, the correct. is 17 
| x” 8 " 
As - 60 o Lat. 8 
ä 5249 
So - 25 46 Lat. 3571 
To 7 41 8920 


2. It is required to find the time when the planet Venus 


* 


will be on the meridian of Glaſgow 1799, Octob. 2oth ? 
Compute the longitudes and R. aſcenſions for 2h, zom. 


P. M. Anſ. 2h. 27 m.'58. 


D. k . 8 
Otftob. - 20 2 30 © 
Diff. merid. W. — + 16 20 
Equation of time — 15 13 
Mean time at Greenwich 20 2 3+ 7 


At this time the ſun's long. is 68. 277 42 o', R. A. 1 3h. 


42m. 138. and log. of the earth's Gift. 4.997 591. 


The 
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The a long. of Venus IO 8. of * 21”, and lat. 
2* 25 21 8. 

The geocentric long. 88. 4 mY 44" „ and latitude 15 27 
54" 8, 


| | h. 5 al 
The R. aſcenſion of Venus in time 16 9 56 
Sun's R. aſcenſion = nen 


Venus is on the merid. of Glaſgow at 2 27 5 
3. It is required to find the time when the planet Mars 


will be on the meridian of Greenwich 1797, Dec. aſt? 
Anſ. -21 h. 19m. 


h. m. 3. 
Dec. iſt, at noon, the R. A. of Mars is 13 54 5 
K. A. of the fun - - — 16 32 51 
Mars on the merid. at - 21 21 14 


If the R. aſcenſion of the ſun and planet be recomputed 
for 21h. 14m. afternoon of the 1ſt, or in civil time for 9 h. 
14 m. in the morning of the 2d Dec. it will be found that 


h. m. s. 
The right aſcenſion of Mars is 13-55 41 
gods the un - :,. »- ,.,»» 16.30 as 


"Tae on the . at — 2 21 19 3 
or 9 h. 19m. in the morning of Dec. 2d. | 


4. Required the time when the planet Jupiter is on the 
meridiau of Edinburgh, 1797, July 11th? 


h. Mm. 8. 

der K. R. A. at noon is - 1 10 45 

un's R. A. - * „ 
Jupiter on the merid. „ eee 


Buy computing the longitudes and R. aſcenſions for July 
11d. 17h. 45 m. 428. 7 


Jupiter's ; 
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5 S Linden 
Jupiter's R. A. is 1 10 55 
And the ſun's R. A. 8 27734 
* is on the merid. at - 17 43 21 


F. What time will the planet Saturn 25 on the * of 
Greenwich, 1797, April 1ſt? 


h. m. s. 
On the given day Saturn's R. A. at noon is 5 26 53 


And the ſun's R. A. an + bee $3 


175 Saturn i is nearly on the meridian at 4 41 51 


CHAP. VI. 


Of the Time when the Moon is on the Meridian ; 
and of the Riſing and Setting of the Sun, Moon, 
and other . 


Pros. XXV. To find the Time when 1 Moon is on the 
| ' Meridian of a- __ place 15 Nen Day. | 


= (CALCULATE the longitude and latitude.of the moon, 

2 as alſo the longitude of the ſun and their right aſeen- 
ſion for noon, or any other hour of the given day, in the me- 

ridian of the given place; and ſubtract the ſun's right aſcen- 
: Gon from the moon's, both being expreſſed in time: the re- 
mainder is nearly the time when the moon is on the meri- 
#742 2, Cal- 


f 
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2. Calculate the right aſcenfions of ſun and moon again vj 
for this time, and then ſubtra& as before; the remainder is + 
the true time. when the moon is on the meridian. | | 

Note If great preciſion i is required, calculate the right 


aſcenſions again for the time now found, _ N as be- 
fore. — % + V þ 8 


P y 


Exam. 1. It is required-to figd what time the moon was 
on. the meridian of Greenwich, June 290 1795? * at 
5h.. Im. 98. py | 

At apparent noon chat day the moon s aogltade! A. | 
5%, 11% 18' 41”, and her latitude 3* 20 g' N. Sun * 2 
38. Oe 55 29", and R. A. 6h. 4m. 28. | 


** 
- 


For the Moon” s R. A. 


* 0 7 A 


To longitude „3 42-0 

In 1% W.4 

eee 5 12 45 44 
Correction i 29 56 
Moon's R. A. „ „ © 
In tine #2 5 9% eee 

A x 

From the moon's R. A. 10 5626 
Subtract che fung * 66 „%a 

x "I IC | pn——_—_—— 


| Edimate time af de „being on wer. 4 52 24 a 
| * or the correfiion of Moon's Right Aſcenßon. 


. 
Long. — 1118/41“ and lat. 45 gives 1 32 56 5 
— —— lat. 35 x. 9 2 
' Difference - - o 23 25 


* As 


——— wy <r vn tone pro mg Al. «444 ry 
* 
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As .: -.., 60 o Lat. 0 
„ — 20 30 -: + 4086 
So — 29 9 Lat. 3135 
Te 11 23 7221 1 
Add - 12 9 34 


1 20 56 S correction. 


Now, by calculating the moon's R. A. the 23d at noon, 


and ſubtracting that of the 22d from it, we find the daily 


ae to be 47m. 248.; and then as 24h. : 47m. 1 
: 4h. 52m, 1 : om. 358. to be added to the moon's R. 


3 


| 1 
To moon's R. A. — - 10 56 26 
— 4 - 79 35 
Moon's R. A. at eſtimate time 1 
Sun's ſubtract — —6 4 52 
Moon on the meridian at . 1 9 
. h. m. s. 
To Sun's R. A. . - 6-4 8 
Add for ah. 52m. F 
Sun's R. A. at eſtimate time 2 6 132 


2. It is required to find when the moon is on the meridian 
of Edinburgh, 1796, July 7th? Anſ. at 2h. 35 m. 318. 

By a former calculation, p. 110—117. at 7 h. 29m. 30s. 
apparent time, in the meridian of Edinburgh, the moon's lon- 
gitude was 48. 2542 29", and latitude 3* 44 21” N. The 
ſun's longitude was 38. 16" 15 19", and right aſcenſion 


7h. 10m, 328. 


For 
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ks the Moon's R. A 

| i Lot agyoito 7718 
„ 
Correction - t rs, 5 48 
Moon's right aſcenſion - wp” 29 17 11 
V 249 17 11 

| | Ee... 
—— - 
Eſtimate time 0 5 2 46 36 


For the correction of Right Aſcenfion. | 
„„ 
Long. 48. 44 42 29” and lat. 4* gives 1 24 21 
— lat. 3 — 1 3 8 


Difference oO 21 13 
1 
65 1.00 L. L. 
As 60 O Lat. 1 
To - - c 
8 44 21 Lat. 1313 
20S. - 1 40- 5828 


A. fo i 


1 18 48.= correction. 


In this example ſubtra& the eſtimate time from the time 
calculated for; becauſe the moon is on the meridian before 
that time. Find the daily difference of the moon's R. A, 
and then, as 24h. is to the daily difference, ſo is the re- 
mainder to a 4th proportional; which being ſubtracted from 


the eſtimate time, the remainder is the anſwer. 
| Time 
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5 n en h. m. s. 
Time calculated for - 7 20.30 
. Eſtimate time _- - - — 246 36 
Remainder - 4 42 54 


"The — difference of moon's R. A. is 56m. 208. 


„%m . 
. 8 es 


Peg 4 
From the eſtimate time . 
Subtract * - 5 - wn of I I 5 

Moon on the meridian at - 2 35 31 


3. It is required to find the time when the moon will be 
on the meridian of Bengal in latitude 22% N. and longi- 
tude 92% 45' E. 1797, Nov. qth? Anſ. at 12h. gm. or a 
little after midnight, _ 

iſt, Find the mean time at Greenwich, when it is appa- 
rent noon at Bengal, thus. 


D. h. m. s. 

Apparent noon at Bengal, Nov. a 
Equation of time = - — 16 13 
Mean time at Bengal 5 23 4 47 
Difference of meridians KE. — 6 1 o 
Mean time at Greenwich 3 17 32 47 


' Sun's long. 78. 12 19/ 54", mean anomaly 48. 4 26 130 
X. A, 14h. 39m. 318. 2 


For 
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273 
Far lt Jeng hes Ll the Moos. 
m. Long. m. Anom. 7 N 
35 | . 0 : 1 55 2 3 Wo 4 
1797 7 10 7 34 43] 0 24 6 53 3 115 6 
Nov. 3d - is 25 9g 14 1 20 57 5 — ä —— 
17h. - : 9.20 59 15 16 — 16 15 26 
zm? 42 17 28 d 387-5; —2 15 
$7% : | =—_ 7 — 4 
„ 1 12 21 7 2 24 37 4 2 14 57 21 
10 equations | als I I, 
„ 
1 13 55 | 
centre =6 15 16 2 24 55 8 | 2 15 $8 
a5 3.4 2 33-88 | 
D's equat. long. 311 —— 


2 26 28 19 11th arg. 


12th equation — $ 59 
3550 
«oe equation — 26 
| J's orbit long. 1 7 33 = | 
Reduction + 6 34 
D's eclipt. long. 17 40 1 
Equinoxes — 17 
Moon's long. Re Ns * 39 44 
Latitude S. - 3 5 wah 
e 


Arguments. 


<3 


174. 
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Arguments. Equations. 
Yugo Lp 
Cat . tn 
il ig 4 8 23] © 9 27 | 
284 4 30 19] o 47 
2 
4 | 2 24 41 104 0 C371 
0 0 
6] 1 9 53 15] 119 
7; 5 © ©4991]. 9.9 33] 
8 | 10 20 10 51 oO 27 
n 
10 7 2 37 27 } 0 © 54 — 
| — —1 14 
+1 34 25 
—0 114 
1 1 1 33 11 ſum of 16 equats, 
12 | 5 25 19 58 N 
13 | 6 18 29 25 
14 | 10 22 28 26! 
For the Moon's Latitude, 
Arguments. | | 
8. NE " 0 3 
7 | 10 22 28 52 — 3 8 58 
20 28 11 4 +,0 4 9 
3 727 5148] +0 1 
4 5 3 14 44 | — © © II 
52 8 37 40 — 0 © 14 


D's latitude 3 


_— —＋1ð- 2424 


— —— 
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For the Moon's Right Aſcenſion. 


To longitude . >. ' 1% 


oy * V . 1 * P 
— < — _ 
— ̃ DG BAI ̃]³ mv i ro ot ͥ E — — — 


The reduction is „„ — 2 21 52 | 
8 1 5 17 52 I 

Correction - rer. OS | 

Moon's Right aſcenſion - 1 6 19 8 

Gee 36 19 8 | 

h. m. . c 
In time 4 4 Fl 2 25 16 
Sun's R. A. 155 py — 14 39 31 


— _—__ 


Eſtimate time of ) on the meridian 11 45 45 


Ao | For the Corre&ion, 
| 5 8 89 10 
Long. 18. 70 39 44” and lat. 4 gives 1 19 15 
1 — 


| Difference - 0 
l . 
As 50 o Lat. 0 
770 4855 
So - {,.11.4 -: 0, Jt. 


. 15647 
Add 509 38 


1 1 16 correct. 


To find the time more perfectly, the daily difference of the 
moon's R. A. is 135, or 52m. of time; and | 
h. m. h. m. s. m. s. | 
As 24: 52: +11 45 45: 25 29 to be added to the moon's 
R. A. h 


At 


27677 — IgE | 


12 id. 1 Ber h. m. s. 

At . noon in t Emeri of Ben- 

al the moon's R. A. 1s - BS 16; 

fn. |-* © « oi 
Moon's R. A. at the eſtimate time 2 50 45 


Sun's R. A. at the ſame time Lo 14 41 31 


Moon on the meridian of Bengal at 12 9 14 


Note lud the following Problems relating to the riſing and 
ſetting of the ſun, the latitudes of the places mentioned are 
mot marked with preciſion. 


ProB. XXVI. 'The Latitude of the Place: * the far! s. De 
- clination being given, to find the time of his rifing and ſetting. 


CALCULATE the ſun's declination for the eſtimate time of 
ſun riſing or ſetting, and then, by the latitude of the place, 
and the ſunꝰ's declination, - ſind the aſcenſional difference: 
thus, to the logarithm tangent of the latitude add the loga- 
rithm tangent of the declination; the ſum, rejecting radius, 
is the ſine of the aſcenſional difference ; which being reduced 
to time, and added to or ſubtracted * 6 hours, gives the 
time of ſun __ or Eletiing, * GC 


5%. 


| Note 1. The time of ſi rifing i is called the ſeninoSurna 
arch, and the time of Tun ſetting the ſemidiurnal. 


Note 2. When the ſun's declination and the latitude of the 


place are of the ſame name, that is; both north or both ſouth, 
the aſcenſional difference in time is to be ſubtracted from 6 
hours for the time of un riſing, aud added to 6 hours for the 
time cf ſun ſetting. But when the declination and latitude 
have different names, the aſcenſional difference is to be ſub- 


tracted from 6 hours ſut the time of ſetting , and added 1 
the tune of riſing, : 


Exam. I. 
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ExAu 1. It is required to find the time of ſun riſing and 
ſetting at London, or any place in latitude 5 32 north, 


on the * oY of Junnary 1797 ? 


Sun” 5 — Lo * | 


ac < 


*1 * 1 


Daily difference 5 1 


5 
a 1 
1 * ” 
: , : 
» . 1 


5 5 35 


77 10 2209 Dip ofT 
„  W 


The eſtimate times of ſun rides and . is n 4 
hours before and after ndon. 4 
& As 24h. : 5' 35'::4h.: 560%. 
At fun ring his deckinatdh = 229 58' 1 ſouth, and at 
letting er = 22 56 9% ſouth. 


2 


1. For the aſeenſional 15 at un Ning, + 


S--- # i 
Tangent tate - 51320 7 — 
Tangent declin. 2. a5 I 9.6271549 
2 1117 —— ———— 
Aberdeen. 1 32 14: 10 Sine NC T 
188 0 ' 0. dined T 


In time 087 N 2 h. 8m. 568. 40 
Add 6 3 


Sun riſes Sh. 8m. 56s. 5 LE FP 
2. For the aſcenſional difference at ſetting: 256; 
*® of...» 1.446 

Tangent . 51 32 © 10.09991 3 5 
Tangentoi . 2D 22 56 9 9. 6264982 


0 51 — 


Abeen. difference Sine 9.72641 17% ; oF 


— 32 10 30 
191 5 


7 eas (13398 ; 
| * 
e 121. 525 #7 Bm. 43 8. 20 OX „ 
agg. Lage id igel bas Op "þþ 
Sun b | 1 51 m. 178. 4 
23. 4. 


A a 


* — 


. — e WAe  rErne oo, * 
8 — : 
” 
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2. It js, required to find the time of: ſun \rifing and ſetting 
at Gibraltar, in lat, 367 5 e long. 4? 40; * Jon, It, 
1797? 7 
The difference of meridians 8 ſmall, the fur 8 F os 
tions at n and ſetting are * lame. as in laſt example. 


For the time of ſun riſing. 
o / " | 11110 5 ; 
Dane lat; $35} oi; 36 ' Fi 1015 £21 9.862588 [1 
Tangent denn. „ 22 38683 906271549 i 


"37 59 20, 94897436 
6 4 . 


Aſcen. diff. Ih, 11m. $78 8 FOES 
Add «032i i +: 6- IDOL Lp DONOR 907 W712 
Sun riſes * | 7h. II m. ook - . n+ 9 1 TA 41 I 1 


1s. 4 1111790 11 


rn 


— For the . ſetting. 


Tangent lat.” - 36 5 © 6.864588 
3 decl. 22 56 9g 96264922 


— — 


17 5% 0 9,4890869. 


e 
Subtrat — kh. 11m. 508. 40 
From e 
131 Nini 1114315 n T0 1 
Sun ets at 3 48m. 10 


Note. Inc exleulating by this cole one A is ſuffi- 
cient ; for when the time of riſing i is found, ſubtract it from 
12 hours, and the remainder i is the time of lang very near. 


ly. | A 
3- What time does the ſun 4 1 eh ſet S Halifax, latitude 


2 


44 46 N. and longitude 63 20 W. April zoth, 1796? 


April zoth, in latitude 44* 46 N. the ſun riſes about 5 in 
the morning. 


Sun 


PRACTICAL ASTRONOMY. = #79 


4 . 
f Sun riſes at Halifax, April 29 17 0 © by eſtimation 
Diff. of meridians ad- +413 20 
Time at London - 29 21 13 20 
Declin. N 
N | M AG FEM 
April 3oth - - 15 441 
— ꝛ9 ch - 14 46 25 
Difference Eo 3 o 18 16 
As 24 h.: 18' 16“: : 21h. 13m. 20s. : 16/ 8“/. 
- 3 9 888 _. 
TE > — - — 14 46 25 


Add . * - - f ® +16. 8 
When the ſun riſes at Halifax, declin. 15 2 33 N. 


* Ar e 11163 94] 19%) 
Tangent late. 44 46 o 99964627 
Tangent declin. 15 233 94293394 
Aſcen. diff. 15 27 30 9.42 58021 

| | rai 7 5 7 
In time -  — Ih. Im. 506. 0 


6 0 2 = 


Sun riſes at ib. 58m. 10s. 5 
| | ite H. m. 8. 


From er ge 5 120 0 
Subtract * - — 4 58 10 
Sun ſets alt 2 ee, Sol 


4. On the 15th February, 1797, required the time of ſun 
riſing and eg at Vienna, latitude — 11“ N. and longi- 
tude 1623 E.? | 

| 0 | " 

Feb. 1 5th, ſun's declin. at Greenwich is I2 23 37 

For the difference of merid. 1h. 5m. 328. add ++ 56 

Declination in the meridian of Vienna — 12 24 33 

For the eſtimate cime of ſun riſing 6h. 40m. add + 5 44 
Sun's declinetion at riſing = = — 12 30 17 8. 
Tan- 
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Tangent lat. ho F 11 0 W 
Tangent declin. 8 "22 30 % © 9:3459246 | 
Aſcen. diff, * 14 21 10 9.3942827 
In tine oh. $7m: 248. 40 
Add 6 0 


Sun' g 6h. 57m. 248, 


2 | = H. m. s. 
Tom. |» 1 — 8 © 
Subtract 5 „ 6 57 24 
Sun ſetting „ 34-00 


"Phe time of ſun riſing or ſetting, found by this rule, would 
be true if the earth had no atmoſphere, and conſequently 
the rays of light came to our eyes in ſtraight lines; but the 


rays of light, on entering our atmoſphere, are turned out of 


their proper courſe, and bent into curve lines, which is called 
refraion : and hence it is that the ſun, moon, or any ſtar, 
does not appear in its true place, but in the direction of a 
tangent to the curved ray, at the point where it enters the 
eye, making the ſun or ſtar appear higher in the heavens than 
it is. The difference between the true and apparent place is 
greateſt near the horizon, and decreaſes towards the zenith, 
where it is nothing. The centre of the ſun, or of any ſtar, 
appears in the horizon when it is about 33“ below it; and 
therefore the apparent times of the riſing or ſetting of the 
ſun or any ſtar will always differ ſome minutes from thoſe 
found by the above rule. | 
The following Table contains theſe differences, whereby 
the apparent time of the riſing or ſetting of the ſun or of 157 
ſtar may be found whoſe decliuation does not exceed 300, 
and for any place between the equator and 60 of latitude. 


Time 


— . the Horizon 


2 


> | | | 6 |789|dLS|g E ge F [it [ge Þ fe 7 | 09 8 
2 899% 90 58S os ob Þ[67+[rzb[l1Þ | Sr Þ+ | 65 = 
| le se 9 5 S[+{ ie» [orb [tibſort|g 8 N 
„ 1 gr JE ie er de ener 4 $[f er : 
ov g}bbg [of SſorS[ifbſgrbſtibdſg blo rss 89s 
* — —— — — äuv— ͤ — — — — — — — — —1— E: 
; A Aſes sas [rr +[v$e r nr o kl es Gel gee [tes 17 
L grSssere ges oss ses 
2 ' 17. 5 | 6+ Fla , kj it cliortl or & | fe £j of : 
2 gr 6 4 [F$SE|[eb EEE ge Elbe flor b 81 8 ir E | gb 
4 Es +] 11-Þ bs s erb es d fe Efgi ED bt lp ex fort £1] 6 FE | gb 
2 9 98ers es 91 8188 86S 888 £ | oh . 
J esse fee snes fn 67 98 es 2s ꝛ s or 
Q Atte [or £Fa4g £ bee £1 gs er] Ss 7] 6H | gb ef Sh fm | err | of | 
| egen der SET] FE] kt © | 2 & | of 
| grob z dE rf IE ger ger eri reo | or 2 | or t | oz 
4 , Sr ir Ef fie br eo 
25 Air ieren t [ore rer rei eie erer eres 
| s wm | 's ufs S ut 2 n wr] 's un s n | s ws ws ee, | 
20Þ - |. .&@ dr Eur og IL: ET: - 6: od 3 
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Prov. XXVII. The Latitude of the place, and the Sun's De. 


clination, being given, to find the Apparent Time of Sun riſing 
or ſetting ty the help of the Table. 


By the given latitude and . * the aſcen. 
fional difference and time of riſing or ſetting by the laſt Pro. 
blem, which may be called the approximate time. Then enter 
the table with the latitude on the ſide, and the declination on 
the head (making proportion for the odd parts not found in 
the table), and take out the equation, which is to be ſub. 
tracted from the approximate time of riſing, and added to it 
at ſetting ; the reſult is the apparent time required. 


Exam. 1. It is required to find the apparent time of fun 
riſing and ſetting at London, latitude 51% 32' N. June 1ſt 


1796? Anf. ſun riſes at zh. zum. 435. and ſets at 8h. 
8m. 8s. 


At 4h. in the morning ſun's declination is 220 ꝙ 1 9% N. 


i 


| Tan. latitude 54. 33, 0 10.0999135 
Tan. declination 22 9 19 9.6097 888 
Aſcenſional diff. 30 55 50 Sin. 9.7097023 
„ 
In tige —2 3 43 20 


Approx. time 3 56 17 
Equation 4 34 


App · time of riſing 3 51 43 


At 
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At 8h. in the evening the ſun's declination. is 229 14 23”. 


G1 740 


Tan. latitude 3 5132 © 10.999135 
Tan. declination 22 14 23 9.61 46185 
Aſcen, diff. 30 58: 30 Sin. 9.711532 

| | 4 | 

b. m. 0 1 

In tine A 354 o 
Add - 64>. 5D 

M 8 354 
Equation _ = + 4 34 


Appar. time of ſett. 8 8 28 


2. Required the apparent time of ſun-rifing and ſetting at 
Glalgywgdabs 55? 5' N. and long: 4 5 W. Oct. 12th ou? | 


fl 


Sun's tial. at noon in the min of Glaſgow 7 46 46 8. 


At ſun-rifing 8 ps 
At ſuu-ſetting „ 


For the apparent time of Sun- riſing. 


= MA 
'Tan. latitude „ 710.1561783 
Tan. declination 7 41 10 9. 1302002 


Aſcen. difl. 11 8 60 Sin. 9.2863185 


4 
h m. 8. 

In time — o 44 35 20 

Add - 6 00 50 

Approx. time 6 44 35 mm 


Equation - — 3 56 8 


App. time of riſing 6 40 39 


7 41 10 
7 52 19 


For 
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y or For the apparent of Sun-ſetting. | 
nn 
Fan. latitude t 5 0 10. 1561183 
Tan. declination 7 52 19 9.140196 
Afcen. Ge 11 25 20 Sin. 9.2968 379 
8 
| h. m. . 
In tine — © 45 41 20 
6 o o 


Approx. time 5 1419 
Equation = +3 56 


App. time of ſett. 5 18 £5 7 
3. Required the apparent time of ſun-riſing and ſetting at 
Ediuburgh, lat. $6? N. and long. 3 W. July 7th 1797 


O Ul " 


On the given day at noon ſun's . 22 32 21 N. 
At ſun- riſing - . - 22 34 35 8 
At ſun-ſetting. 5 22 30 
For Sugerifing. 
. © 8 | 
Tan. latitude 56 ©: © 10. 1710126 
Tan. declination 22 34 35 9.6188 598 
Aſcen. Gf, — 38 3 17 Sin. 9.7898724 
| hm. i 
Subtract — 2 32 13 8 
From - 6.0 © 


Approx. time 3 27 47 
Equation = —5 27 


Apparent riſing 3 22 20 | 
For 


P 
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| For Sun- ſetting. 

| | Ng, Fr 
Tan. latitude 56 o o 10.1110126 
Tan, declination 22 30 7 9.61 72660 


Aſcen. diff. 0 37 53 20 Sin. .es ? 


4 
h. 3 
2 31 33 20 
16 o. o 
8 31 33 


Equation | ad + 5 27 
Apparent ſetting 8 37 @ 


Paos. XXVIII. The Latitude of the Place, with the Right A. 
ſcenſion and Dechnation of a Fixed Star, beiug given, to find 
the Apparent Time of its Rifing and Setting, any given Day. © 


3 the time when the ſtar is on the meridian by 
Prob. III. p. 45. : then find its ſemidiurnal arch thus; cal- 
culate its 3 difference by the laſt problem, and re- 
duce it to time; then if the ſtar's declination be of the ſame 
name with the latitude of the place, add the aſcenſional diffe- 
rence in time to 6 hours; but if it is of a contrary name, 
ſubtract it from 6 hours, and the ſum or remainder vill be 
the ſemidiurnal arch of the ſtar in time. 

Subtract the ſemidiurnal arch from the time when the ſtar 
is on the meridian, the remainder is the time of the ſtar's 


riſing ; and add the ſame two numbers for the time of its 
ſetting. a x 
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Ex AM. I. January 20th 1796, what time does the ſtar iW 4 
Aldebaran riſe and ſet at Eviaburgh, latitude 562 N,) 


Anſ. Riſes oh. 27m. 13s. 80 15h. 58 m. 3 8. 5 
K 1140 5 hem. s. | oh 
Aldebaran's R. A. - - 4 24 13 
Sun's ditto at non „  AD.:8: 32 

Es 8 14; $2 
Equation for 8h. — — — 127 


| Aldebaran « on the Meridien at . 8 12 54 appa- 
rent time. Ry 


For Aldebaran's femidiugns}* arch; his deelination being 
16* 51 12” N. 


WA . 8 2011323} 7 YA 
Tan. latitude 56 0 © 10.110126 
Tan. declination 16 $23 9-4599698 
Aſcen, diſfl. 25 18 988 „ Sia. h. 5064 1 
"7c; er ' , h. Mm. 8. ; 
In. bans 2” 8 41 14 40 


n 


Semidiurnal arch. 7 * 14 


: 4 h. m. 4. 
Aldebaran on the has, at "25 $2.86 
'  'Semidiurnal —_ >. 85 * 41 14 

Aldebaran riſes at 0 31 40 
—.. RP EY 15 54 8 
Rifing. Setting. 
h. m. 8 h. m. 5. 
0 31 40 15 54 8 
Equation — 4 27 + 4 27 


_ Apparent time o 24 13 15 58 35 


* ſtar 


2 N.) 


PPa- 


eing 
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h. m. s. 
Star's R. A. 0 - + 108 
Son's at non - > — 16 29 3 
| OO . 14 6 38 
For 14 hours ſubtrat — 2 34 
Sirius on the meridian . & 14 4 4 
Semidiurnal arch EA * fs 13 12 
Sirius riſes at - "a 85 50 57 
And ſets at - . 19 17 16 


— / Us A 
Tan. latitude + 36 5 0 + 9.8625887 
Tan. declination 16 26 44 9.00872 


Aſcen. diff. 8 12 25 20 Sin. 9. 3326759 


+ 

. 

Subtrat - — 0 49 41 20 
From - 6 © © 
. | 5 10 19 
Equation +» + 2 53 


Semidiurnal arch T 19-223 


tp 


2. November 30th 1796, What time does the ſtar Sirius 
riſe and ſet at Gibraltar, latitude 36* 6 N. and err 
4 46 W. 2 


For the Star's 3 3 his declination being 
16 26' 44" 8. 


3- January 
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3. January zoth 1797, what time does the ſtar Regulus 
5 and ſet at 1 latitude 22 N. and longitude 92˙ 
45 E.? 


| h. m. s. 
Star's R. A. „ A $70 
Jan. zoth Sun's R. A. = — 20 54 39 
| 13 2 53 
For 13 hours ſubtrat - = — 2 13 
Star on the merid. of Greenwich 13 0 41 
For Gh. 11m. E. long. add — +31 5 
' Star on the merid. of Bengal > 13 1 46 
Semidiurnal arch = - == 6 23 45 
Regulus riſes at - oy 6 38 1 
And ſets at - - I9 25 31 


Star's declination 12 57 13“ N. 
— ſ fd 
Tan. latitude - 22 © © 9.6064096 
Tan. declination - 12 579 13 9.3617572 


Aſcen, diff, - p; 19 50 Sin. 8.9681668 


. | I 19 
Equation - + 2 26 


gemidiurnal arch 6 23 45 


4. Required 
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4. Required the apparent time of the riſing and ſetting of 
the bright ſtar in Pleiades at Port Royal, Jamaica, lat. 187 N. 
and long. 7645 W. Feb. zoth 1797 ? 


" 


— 

— — — 
— — wa,” 
— * 


| h. m. s. 
Star's R. A. - - 3 35 26 
Sun's R. A. — - — 22 17 36 | 
5 17 50 15 
For 5 h. 18 m. ſubtract 5 — 50 
Star on the merid. of Greenwich 5 17 © \ 
For 5 h. W. long. ſubtract * «= — 48 


Star on the merid. of Port Royal 5 16 12 


© 3 
Tan. latitudle 18 © © 9.517760 
Tan. declination 23 28 © 9.637610 


Aſcen. dif, <- 8 6 30 Sin. 9. 1493865 
p 


— —ͤ— — — — 


\ 


h. m. . 


In time e 
5 „ 
| 6 32 26 


Equation -« '+ 2 31 


Semidiurnal afch 6 34 57 


| 1 
Star on meridian «=» 4 5 16 12 
Semidiurnal arch FT 
Star riſes at - . 22 41 15 
And ſets at - __ 1151 9 
Pos. 
* 


—  — A— — I Er ano_— en we l 
_—_ \ Trad — - — - $73 a 
= — — 


1 — 
1 * yg 2 N pn 1 TAL — +. ce - — — 
— — N a . — * re — _ — 4 * 

— — — , 2 — —— noe * * 

— - - - — N — — » ” 
aka _ 6 — _ — part ay —_ - — — — 2 

3 —— S . 
. 


nm 
> 
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Prog. XXIX. The Latitude of the Place, with the Moon's 
Longitude and Latitude at the Novn of any Day, being given, 
to Jud the Apparent Time of her Rifing or Setting. 


Carcurart als right aſcenfion of the fun in time, and 
alſo of the moon, for the noon of the given day. Subtract 
the ſun's right aſcenſion from the moon's, the remainder is 


dhe eſtimate time of the moon's being on the meridian ; from 


which find the true time thus: Calculate the ſun and moon's 


| right aſcenſions for the eſtimate time; and by ſubtracting 


the ſun's R. A. from the moon's, the remainder will be the 
true time of the moon's being on the meridian. 

Find the moon's declination for this time; and by the 
latitude of the place and the moon's declination find her ſe- 
midiurnal arch; which, being added to the time ſhe is on the 
meridian, the ſum is the eſtimate time of her ſetting; and 
being ſubtracted, the remainder is the eſtimate time of her 
riſing. | 
Laſtly, Find the moon's declination at the eſtimate time of | 
her riſing or ſetting, and calculate her ſemidiurnal arch again; 
which being ſubtracted from or added to the true time of 
her being on the meridian, the apparent time of the moon's 
riſing or ſetting will be known. 

Note Between the conjunction and oppoſition, or from 
change to full, the moon's ſetting is required, and from the 


full to the change it is the moon's riſing. 


Exam. I. It is required to find the apparent time of moon's 
ſetting at Edinburgh, latitude 56* N. and longitude 30 & 
15% W. July 7th 1796? 


| Mm. 8. 
Difference of meridians - + 12 25 
Equation of time 8 ＋ 4 33 

16 58 


The mean time of noon in the meridian of Greenwich i 18 


July 7d. ob. 16m. 584. 


Sun's 
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Sun's long. 38. 15% 57 17”. R. A. in time 7h. gm. 
Moon's long. 48. 21* 14 57", and lat. 3* 26 14 N. 


Find the Moon's Right Aſcenfion and Declination. 


1. For the Ds R. A. at noon. 


S. ® 7 Wu 


191. 


I 58. 


To longitude WIE”. 4 21 14 57 
The reduction ĩs — - + 2 23 26 
* 4 23 38 23 
Correction ay - .. + 1 9 26 
Moon's R. A. - — '$ 34-47-49 
Or - | Ee 144. 47 49 
E 
Noon's R. A. in tine 9 39 11 16 
Sun's R. A. - — 7. 915 
Eſtimate time of 5 on merid. 2 29 56 
For the Correction of R. A. 
Ns 63 
Long. 4s. 215, &c. and lat. 4 gives 1 20 59 
——ů —2ꝛ· T— lat. 30 . I, 0 23 
Difference - 0 20 36 
. „  ns001187'7 4 0 
As 60: 20 36 : :2614:9 3 
Add 11 1 © 23 


Correftion - +1 9 26 


2. For the moon's Declination at Noon. 


To long. 45, 219 14 57” theecliptic decl. is 14 26' 0” 


3 


Ecliptic deelin. 14? 26 and lat. 4* gives 12 56 
— — — lat. 42 — 9 39 
Difference - 3-39 


N. 


m 


— ———— — . 
. 
— 
5 
= 
% 


— 2 
— 8 7 * 
— - > —— — 


F 
7 
i 
# 
: 
4 7 
=” 
= 
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»{ 
1 
1 
1 
wi 
e 
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Fi 
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| 7 1 3 N 1 
As 60: 3 17: : 26 14: 1 26 
Add : v0 
Correction „ 
| | 8 
From moon's latitule 3 26 14 N. 
Subtract - - - — 11 5 
Diminiſhed latitude . 3 15 9 N. 


Ecliptic declination 114 26 ON. 


Moon's dechnation at noon Ts 1741 9 N. 


3. The nabe time of the moon's coming to the meri- 
dian is 2h. 30m. which gives 22” to be added to the ſun's 
R. A. at noon, 

The difference of the moon's R. A. in 12 bours is 28 m. 
408. and as 12h. : 28 m. 4os. : : 2h. zom. : 5m. 58s. to be 
added to the moon's R. A. at noon. | 


5 | „„ 

Moon's R. A. at noon - ""Þ 49 18 
Add - - 55 ＋ 5 58 
Ditto when on the Seridan 9 45 9 

| Sun's R. A. ie! — 7 9.32 
Moon on the meridian wp. 2 35 93 


4. To lat, 56? N. and declin. 170 41 N. the moon's ſemi- 
diurnal arch is about 7h. 48m. which being added to 2h. 
29m. the eſtimate time of the moon's coming to the meri- 


dian, the ſum 10h. 17m, is the time of the moon's ſetting 


nearly. Find the moon's declination at this time. 
Difference of movn's declination in 12 h. is 1? 58' decrea- 


ſing. As 12 h.: 1 58“ :: oh. 15m. : 1* 41' to be ſubtract. 


ed from the moon's declination at noon. 
From 
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1 


4 14 47 81713 2. 01 $395! 1 At 3 | 2 ty + t 
3 ä — ti 17 4t 
Subtract Oil ner a01 3 « „ 


hots declination at ſetting a 16 N 


M For the Moon's Semidiurnal Arch. 
8 - ff | 
Tan. latitude * oO © 10. 1740126 
Tan. declination - 16 © © 9.4579730 


Alcenſ. diff, - 238 11 15 Sia: g.6289856 


5 3 

—— bl. m. 3. 

In time 2 7 o 45 

A · $059 

Semidiurnal arch 7 40 45 
i 2 | : Bt | 64 7 ln b. m. 3 
5. Moon on the meridian at - 2 35 32 
Semidiurnal arch adi ©, ' #7 4@ 45 
The moon ſets at - - 10 16 17 


Accorfingto this calculation the moon fets at 10 hours 16 
mimutes: but the moon's riſing and ſetting is affected by her 
horizontal parallax, which ſhortens her ſemidiurnal arch. The 
time of the moon's ſetting or riſing may be corrected thus : 


Find the moon's horizontal parallax at the time, and fub- 


tract the horizontal vefraction 44' from it; the remainder is 


the depreſſion of the moon below the horizon at che time the | 


ſhould be at it if ihe had no parallax, and therefore this re- 
mainder muſt be taken away from her ſemidiurnal arch, in or- 
der to find the time of her riſing or ſetting. 

Wich the latitude of the place, and the moon's declination, 
take the equation out of the Fable, p. 181. and then, 

As the horizontal refraction 33 

Is to the equation; 

So is the depreſſion 

To the correction, to be ſubtracted from the moon's ſemi- 

Ce | diurnal 


- 


# * 
- * , þ 
— 5 — m 


l — — 
— — — 


” o 
— 
—— —— 
ü— — — 
— , — — 
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diurnal arch before it be 3 to the time when 1 moon 
was on the meridian. 


| F 


In this Example, at 10h. 12m. the moon's kotftontal pa- 


5 & P 4 F * I 


* - 


1 3 1 
Subtract 28 


Lf 


2 er ee 3 bs 


C As „„ a; | 33 


To A "I 4m. 26s. 
So is . 1 
To " "34 zm. 178. 

Semidiurnal arch . 

Correction ſubtract - 5 

Correct Sernidurnal * i 

Add 


641 «The moon 1 At - 


"#1 LS 
/ h 


[v7 
"$3; 


26 27 


b. 1 


L. L. 
2596 


11654 
2357 


15211 


* 


12615 


2. te 5 is required to find the time of Dk moon e ſetting, 5 
London, latitude 515 32 N. October 1ſt, 1797 ? Anſ. 13h. 
; DO! 1 


35m. 


At noon athe hun? 8 longitude ; is 68. go. 45' x 


b 12h, 32 m. 108. 


15 . al- 


The moon's longitude 108. 185 I ar, latitude 4% 27 27 


ſouth, declin., 19% 41' 8. and- 


5 87 aſcenſion 5 - 
_ Sun's ditto 4 


Eſtimate moon on meridian 


111 h. m. 


8. 


21 27 40 
12 32 10 


8 55 30 
1. At 


at 
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oon | | „N | b. 8 
c 1. At eſtimate time moon's R. A 21 45 43 
Pe. Sun's a 2 . 5 12 33 31 
PT JE TE 2 gs 3 
Moch ß merit 9 12 12 


By renewing. the operation the moon is on the meridian 
at Oh. 12 mi. n 
Moon's declination when on the aleridiag is 18 23 fourth, 


and her ſemidiurnal arch i is 4b. : 21m. 65. . EP 
h. m. 3 
2. Moon on the meridian at 3 9 12 36 
Semidiurnal aren - +4 21, 6 
Time of moon's ſetting nean — 44 33 49 
15 ri6-Trev [ta met 
3. Moon's 1 at maduight. - 17 578. decreaſing 
For Th. 34 m. ſubtract =» — 15 
Moon's declin. at ſetting 3 17 42 8. 
* 0 7 5 
„ HSI S FI 32 ' 10.09991 35 
Tas. Geelin . A” 9. 5039822 © 


Aſcen, di.. 23 41 815 | 9:6038g57 | 


Un X — 
Ton In tine —1 34 44 
l. N TOTS < 
| R 4 25 16 
wy Correction — 2 38 T 
on Semidiurnal arch 4 22 38 Wd a 
4. rer the correction, The equat. = . age La P 
7 91 
Moon's horizontal 1 ELIE 54 23 
Refraction - 52 1 2 05A 
77 21 23 
At * As 33 Am. 56.2 21 23" ; zm. 382. = corr. 


5. Moon's 


- — 2 
— 


— 


22 
_— * 


—— — 


— 


7 
4 , 
2 ' 
? 
| : 
j 
F * 
i 
7 , 
1 
* 
y 
[ 
. 
# 
Ss | 
7 1 
i, % 
4x 
\ : 
* 
0 
1. ; 
_ 
if : "o 
* * 
1 
x 
[21 ſ: 
S 
8 . 
146 
1 
[ 
i 
| 
' 
1 
7 * 
f 
4 
? 
Li 
5 


—_ . = a — 


—. 1 __—— 
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4 h. m. 8. 
| ber. Mo. n on the mer. at 9 12, T 
sl arch — . 4 22 38 ct 8 


Moon Tets. at, 3 35 14 or th,25m paſt ine 
EXA. z. ene We ume BF moôbn'd kg at Edin- 


| bugh, lat. 56* N. July 24th, 1796 ? Anſ. ok. 28 m. 


At nobn. Sun s long. 7 2 1% 3 k. A. 8b. 17m. abs. 
Moon's long, 118. 23* 22 21”, lat. 5 1 8˙ 8. Declin. 


7 14 27 S. f len. [+ n 
- 6218 * M. 6. 
And K. aſcenſion - - 23 43 40 

Suns 5 Ln eee p78. 

| Ent. moon on meridian 8 we as 52 

| Do | . e 
1. At 15 h. 76m. moons k. A. 16 its) 14 17 
Suns - 8 20 26 
Moon on the meridian - 1 15 53 57 

By ealau 5 kin g again for this time, the moon is on the me- 


ben 6 5d. 54 w. 528. 3 
2. To latitude 56® N. and dentition 70 8. the n 


nal arch is 5 h. 18 m. which being ſubtracted from 15 h. 


55 m. there remains roh. 37 m. for the eſtimate time of 
moon's riſing. — 


3. The diff. of the mood's declination in 12 hours is 29 27) 
decreaſing. 


As 12h. : 20 oh : 10h. 37m. : : 29 10. | 


Moon's declin. at noon 5 7 148. 
Subtract A - © Ingo 461 cgo0 de 
Declih, at riſing - - 5 48. 

| 1A 4- For 
1914 , 


> 
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4. For the moon's ſemidiurnal arch. 


. "i Her 
Tan. lat „ W.0: 
Lan. declin, 5. 4 


* N — 
z 8 


100.1710126 1 
8.947338 
3 


; Aſcen. diff. FART 7 33 5 "Sia. 9.187464 


h. . B4 


In time — 0 30 12 
| 6 8 | 


ri arch 5 29 48 
Correction — 2 53 


5 26 55 


For the 3 


Moon's ic parallax 
* - = TY . 


1 


| Ul i" 
- 56 51 
_ 


23 51 


As 33 am. zi; 25 54” : 2m $38 


5. Moon on the meridian at - 
Semidiurnal arch 1. - 
Moon riſes at 3 


. 1 


15 54 52 
— 5 26 55 


10 27 57 


4. Required the apparent time of the moon's riſing at 
Edinburgh, latitude 56% N. and longitude 3 & 925 W. 


Sept. 1cth 1797? Anſ. 8 h. 25 m. 


At midnight ſun's longitude 3 is 58. 185 41 3”, R. * 


11 h. 18m. 58. 


Moon's longitude 18. 1158 12”, latitude 20 55 22” 8. 


and declin. 12 39 24” N. 
At midnight moon's R. _ - 


Sun's ditto — A 


Eſtimate Y on merid. 3 


„ 


A Ph 


2 41 50 
11 18 5 


Moon s 


198 
M.0oon's R. A. at 12h. 
| e __ add 


Moods R. . the Bed 
Suntoditto ' 3G 


< 4 * 
Ci - L 


* 


— i - - a - 


Moon on the merid. alt 
To lat. 56 N. and del 


the ſemid. arch 


Eſtimate time of moon's riſing 
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15 30 17 


12 * 7 18 0 


8 12 0 


The difference of moon's declination in 12h. is 20 200. 


As I2h.: 220: : h. 18m. : 1" 25˙ 


Moon's declination at midnight 
Subtract 


Moon's declin. at riſiug 


| $8 i" 


Tan. latrtude - 56 0 0 
Tan. declination in 
AﬀecedC. dk. 
. h. m. s. 

In time - LS HS 09 
Add - 6 0 © 

fl Semidiurnal arch 7 8 9 
Correction — —3 1 


For correcting the ſemidiurnal arch. 
am. 148. 


Moon's horizontal parallax 


Refraction 


Difference 


. 33: 4m: 148. : 23,35" 


* 


- 
, 


1 


12 39 
—.1 25 4 


II 14 - 


10.1710126 
9. 2980011 


— Eä . OO — 


17 2 20 Sin. 9. 4690137 


The equation is 


1 
— 33 O 


23 38 


, th 


; 3M. 18, 


Moon 
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95 , 1916 22 4 h. m. 8. 0 
Moon on the 8 at 1 15 30 *. 
© Corre@ gra meh of arch 88 — 1 4 4 'S 8 La 
1 5 314.4 

Moon 2 em ob cb pot ane low 8 25 go e 
TY | 5 f u nnn Une 200 

0 A ' * | i 3 

10 1 | , 50 5 pe i nnn 
E Ys L. - 10 2 AL 2 5 246 BB. , * 4 

4 g 4 8 
* . 8 i 


1 2 
82 1 - 


Calculation of the Mean and True Hane. 


Pros. XXX. 3 the Time of the Mean Seuppies in 


ny given 7 ear and Month. X X 
LC 82211 int 7 


PROM e Tables of the mean motion ,of the, mgon from 
the ſun, p. 70, 71. take out the motions for the given 
year and, month; add them, and ſubtract the ſumofrom 12 
ligns: chen, if che time of mean confuſion: or ner moon be 
ſought, | the remainder, or the, neareſt le than it; being found 
in the Table of days, will give the day of mean new moon; 
: and after ſubtracting the number found 1 in the Table, the re- 
mainder or the next leſs is to be found i in the Table of hours, 
which, will give, the hour of the, day when it is mean new 
| moon ; 3 and after another ſubtraction, the remainder is to be 
found i in the Table of minutes for the minute of mean new 
"Is Cs isn , e er e ene 


# 2 
3 Eine 


— 


* By the times of mean ſyzygies are underſflood ſuch times 
of new and full moons as would happen if the orbits of the earth 


and moon were perſed circles, and their motions always uniform 
in them. 


PRACTICAL ASTRONOMY. 


moon, and the next remainder will give the ſeconds. . But if 
the time of mean oppoſition or full moon be ſought, add 6 
ſigns to the firſt r remainder, and the ſum being found in the 
Table of days, will give the day of mean full moon: the 5 13 
hours and minutes are to be found as before. | 
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17 
Exam. 1. Required the time of mean new moon in Ja- 
nuary 1797? Anf. Jan. 27 d. 7h. 40m. 21. — ; 
» . / A 
1797 - - — © 26 57 10 | 
120 o 0 
322 1 
Remains nn 8 
27 days — 10 29 9 © f 
r 3 53 50 
 _-. "owns FFF 
1 5 Ra * Wa e 1 — þ 
40 minutes - egg 19 5g 
3007 nem 513 „ EO . 
21 ſeconds N „ 10 55 
5 949A. 2100 Ol 


115 this de give the moon's mean diftance 

from the ſun on the I A of Jatuary 08. 26? 57 10”, which 

is ſubtracted from 12 figns to find how much the moon 
wants of a conjunẽtioi with the fun: the remainder ſhows 
cat the wants 16. $95" 50. Tn the Table of days it is 
found that the moves over 108. 297 g' in 27 days; therefore 

che mean nev/ moom happens on the 27th day of January- 
Sabtract 108. 29 9, from 118. 3 2 50”, there remains 

3 53-50", which ia the Table of hours nt; 7 hours; and 
ſubtracting 3? 33' 20%, there remains 20/ 30“, which green 40 


minutes; and by ſubtracting again there remains 10" 55", 
ay this gives, 21 ſeconds. | | | | 


2. Ie 
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- 2, It is required to find the 


F = 


201 
3. Required the time of 


time of mean full moon in Ja- mean conjunction or new moon 


oy 1797? Anſ: Jan. 12d. 
13h. 18 m. 18s. | 
8. . 


1797 — 0 26 57 10 
| | 12, 0 © O 
3 11 3 2 50 
Ad. 6.0. 0..0 
1 
12 days — 4 26 17 20 
5 TS? 
13 hours = 6 3 12 
| 9 18 
18 minutes —9 8 354 mi 
18 ſeconds © » 9 25 


179% - = 19:44; 


July „ 


gubtract . . 
— 2b 


8 a . 
17 3 | p- 


42 minutes 


57 ſeconds. - 


A 1797 * July 23% 


h. Im. 
8. 0 * " 
1755 0 26 57 10 
Wl 1555 1 16 31 22 


Subtract — 2 13 28 32 


[From - 12 0 0 0 
: 9 16 31 28 

23 days 2 10 23.13 
Sep 6 8 15 

52 hours 4. 5 43 
4 * 


9 25)5g Ceonds - 
4. What i is che time of mean I. os Full moon 


1 0 


8. " 
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In place of ſubtracting the firſt ſum from 12 8. and adding 
Gs. to the remainder, it will be as good to ſubtract the firſt 
ſum from 68. and the remainder will give the anſwer. _ 

By this problem the times of mean new and full moon may 
be calculated for every month in the year, or any longer 
time, with very little trouble ; for having found the time of 
mean conjunction and oppoſition in the month of January, 
add to theſe times a mean lunation, viz. 29d. 12h. 44m. 35 
continually, rejecting the days in the month wherein the 
mean new or Wl 2 moon is required, and the times will be 
known, | | | 
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Exam. Let it be required to find the mean new 121 fll 
moons in every month of the year 1797? ? 


| Mean full moon. Mean new moon. 


- | D.. — ot 8. 
January 12 13 18 18jJanuary 27 7 40 21 
One lunation * 29 12 44 30ne lunation + 29 12 44 3 


6—— 


February ny 2 2 27 February = 25 20 24 24 


March - 12 14 46 24 arch „ 9 8 27 


April + 11 3 30 27 April „ 21 52 30 


May = 10'16 14 30 Mar 5 25 10 36 33 
June - . 9 4 $58 33Jſune « 23 23 20 36 
July Ges Fraud 17 42 36/July | 23 12 4 39 
Auguſt N 1 6 26 39 Auguſt > af 0 48 42 


* 
Dd 
— 


* 


September 5 19 lo 4288eptember 20 13 32 45 


October 5 7 54 45 October 20 2 16 48 


November - 3 20 38 480 November 18 15 © 51 


December - 3 9 22 51 December - 18 3 44 54 
e 5 5 as Note: 


N 
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- Note : The mean and true ſyzygies never happen at the 
—— except when the moon is in or very near her apo. 
gee or perigee; for in theſe points many of her inequalities 
either vaniſh or are very ſmall: when the moon is in any 
other point of her orbit, there is ſome interval of time be- 


tween the mean and true conjunctions or oppoſitions. The 
greateſt is about 14 hours. | 


Paon. XXXI. The 7e Mean Conjundion or New Moon 
being given, 10. find the true Time. 8 


curev LATE the longitudes of both fun and mdon for the 


time of mean conjunction (Prob. V.—XI1T.), and if they 


are equal to one anocher, the mean and true conjunction 
happen at the ſame time; but if they differ, ſubtract the 
leaſt from the greateſt. Find the hourly motions of both 
ſun and moon at the time (Prob. VIT-XVIIIL.), and ſub- 
tract the ſun's hourly motion from the moon's, the remain- 
der is the hourly motion of the moon from the ſun ; and 
then, 

As the moon's hourly motion from 4 ſun 

Is to one hour or 60 minutes; 

So is the difference between the ſün and moon's long. 

To the time between the mean and true conjunction. 

If the moon's longitude be leſs than the ſun's, the interval 
is to be added to the time of mean conjunction; but if it be 
greater, ſubtract the interval: the ſum or remainder is the 
time of true conjunction. 

When it is required to ſind the time of true ö 
very accurately, the ſun and mobn's longitude muſt be calcu- 
lated again for the time found ; and their difference, if there 
be any, turned into time, and applied to the time 15 found, 
will give the true time of conjunction. 

If the difference be great, it will be neceſſary to renew 


| the operation again. 


Exan. E 


yo — PRACTICAL ASTRONOMY; 


ExAu. 1. It is required to find the time of true conjune- 
tion in January 1797; the time of mean conjunction or new 
moon being January 27th, 7 h. 40m. 218. in the en of 
Greenwich? Anſ. Jan. 27 d. 13h. 40m. | 

The ſun's longitude then is 108. 8? 280 38”, and big mean 


2 9 


5 


b 10 5 45 4 
O's long. 10 8 26 38 


Short of conj. 


p 
243 35 


| 


tt. 


15 


2 29 48 18 


For tbe Moon's —— 
m. Long. Apogee. 
f : 8 8. 3 | 
1797 — 10 73443] 0 24 6 $87; 
1 25th - 1x 25 45 46 11 22 4. 
52 32391. 2 27 
(oh * ? S 21 57 
„ IT | II 
: ad» oh ety | | . 
1 0. 10 7 33 12ʃ 0 21 2 45 
10 equations +25 1 410 25 
10 7 58 300 20 52 20 
Equat, of centre = 9 7}. +g5.8 
8 10 5 49 23 
Variation N S: 43S: 


* 4 27 


* # ” #7 | 4. 


2 29 43 53 


o 21 1) 38 = 11th arg. 


Arguments. 


— 
EY 


„ 
110 - 4 51 | 0 ö 
25 26 12 59 t { 5 15 
a 2] 19 4 
4| © 19 11 53 3 0 38 
$111 7 7 © 44; £9 
6] 6 5 10 14 5] 39 $3 | 
yi] 4 8 8'33 6 © IT 
8 5 22 58 54 EE "= 
911 8 1 49 2 3, 9. 
10 4 21 19 40 9} 083: 
„„ 1% * 403 
12 | 11 27 20 45 — — — 
13 1 20 46 52 ＋32 257 7 
1 : 
Sum + 25 18 | 
; | | \_ ** 
| Moon's hourly motion 29 47 
— -Sun's ditto - . 3 
Hourly motion YA = - 27 14 
| As 2 14% 
To Ih, 
So 243 35" 
To 6h. om. 248. 
U. h. m. s. 
Mean conjunction January 27 7 40 21 
Interval add =» - 46 o 24 


Anſ. New moon January - 27 13 40 45 | 


The time of true oppoſition or full moon is found in the 
ſame manner as the time of conjunction. The operation is 
to be continued until the difference of the ſun and moon's 
longitude be 6 ſigns. 


2. Res 
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2. Required the time of oppoſition, or full moon, in Ja 
nuary, 1797? The time of mean full moon is . 


12d. 13h. 18m. 188. 


The ſun's longitude then 1s gs. 23⁰ KP 34", and his mean 


anomaly Gs, 1 z? 30' 42". 


- 


— —— A 


„ 


3 115 6 


— 0 38 8 
1 43 
3 


3 © 35 13 
uw 2 11 


3 0 33 2 


1 


6 7 46 45 = arg. 11th 


Y's orbit lag. 3 23 37 581 


For the oon s Longitude: 
m. Long. | - 2 Apogee. 
nn 13 3: n_ 
$297. - =. .; 0 7 34 43 o 24 6 53 
Jan. 12 1 3 5 6 46 47 
1335. - 14] 7 437 
28m. 9 53 948 
188. - 10 10 
55 3 23 ©. © 1 8 15 
10 equat. — 16 19 —5 11 
| 3 22 43 4116 8 3 4 
: Equat. 0 of centre + 54 544 —16 19 
Et; 3 23 38 35 
Variation = +24 
£4 ga $40] 
x3th - _ + . 


Equations, 


Rs honed HY 3 LE Oo 
-- 
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Equations. Arguments. 

1 1g hi r 
| 6 8 1] 6 13 30 42 
1353888 2715 4 36 

1-4 < I FF IPO 

#4, 1 4+ v.78 3 
3 SIM 5] 5 20 56 37 
4 1 6 4 27 19 
5 12 48 \ T|11-7 25 55 
* 81 24 37 37 
2 9 7 911 21 24 11 

of JOE 10 7 
235 LE. 
0 O 43 12 6 O 1 x 

Whores. T7 URN 

+o 36 


Sum — 16 19 


8. „ „ 


Moon's orbit long. 5 — 23 23 37 58 


Sun's long. ; © . 9 23 27 34 
75 5 29 49 36 
Paſt oppoſition . a o o 10 24 
5 A | | * 
Moon's hourly motion - 37 9 
Sun's ditto — — - 2 33 
Ds hourly motion from © - 34 36 
© 2 = Bolts 
As 34 36% 2391 
To 6om. o 
So 10 24 7611 


To 18m. 28. 5220 


OT 
* 
— — laden a 
—— — a” * 
— ä 
9 
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8 ä D. h. m. . 
Fromm the mean oppoſition 12 13 18 18 
Subtract the interval | —18 2 
True time of full moon Jan. 12 13 o 16 


The rules here given for calculating the times of new and 
full moon are always good; but the tediouſneſs of the opera. 
tion has given occaſion to the invention of other tables, 
whereby the problem' may be ſolved with leſs trouble. The 
beft of theſe were publiſhed among Dr Halley's aſtronomical 
tables in the year 1749, but not as his invention. The in. 
genious Mr James Ferguſon having adapted them to the 
Gregorian ſtyle, and made ſome alterations in the arrange. 
ment, printed them in his Aſtronomy about the year 1760. 
Such of them as were judged proper for this work are to be 
found in p. 121— 127, &c. where the table of years is ex- 
tended to 1821. 

Theſe tables contain the times of mean conjunAion or new 
moon mn March for every year, which is made the firſt month 
with the mean anomalies of the ſun and moon, and alſo the 

ſun's mean diſtance from the moon's node at the time, with 
equations for reducing the mean to the true time of conjunc- 
tion or oppoſition, whereby theſe times may be found for 
wy month of a given year within the limits of the Table, 


Pros, XXII. 75 Calculate the Tine of New or F ull Moon 
for any Month of a given Year by the Tabhe, p. 121—123. 


iſt, Pas the Month of March. 


Warts down the time of mean new moon in March for 
the gc. year, with the mean anomalies of the fun and moon, 
and alſo the ſun's mean diſtance from the moon's aſcending 
node, out of the Table, P- 121, 


When 


* DE > 
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When the time of Full Moon in March is required. 


1 the new moon happens before the r5th of the month, 
add half à lunation, with the anomalies, &c. to the former 


numbers for new moon, the ſum is the time of full moon; 


but if it happens after the t 5th, ſubtract half a lunation with 
the anomalies from the numbers for new moon, and the wane 
of mean full moon in March'will be known. i 1 * 


ad, For any Month after March. 


When the time of the mean new or falþ e 4 0 
in any month after March, take out the numbers for March 
as before, and under them write down as many lunat ions 
with their anomalies as the given month is after March; and 
by the ſum of theſe, the time of mean new or full moon may 
be known, together with the mean anomalies and the ſun's 
diſtance from the moon's node; which are the arguments for 
finding the ſeveral equations, to reduce the time of the mean 
ſyzygies to the true. 

With the ſum of the days enter the Table of days, p. 123. 
under the given month; and oppoſite to that number in the 
left hand column is the day of the mean ſyzygies; but if the 
ſum be leſs than any of thoſe under the given month, add a 
lunation with the anomalies'to the former numbers, and then 
enter the Table with the ſum under the given month, and in 
the left hand column is the day of the month required. 

The time of mean ſyzygy being known, to find the true 


by the Tables, p. 124—127. 


1. With the ſun's mean 1 enter the Table, p. 124. 
and take out the firſt equation (making proportion for the 
odd minutes, &c.), and apply it to the time of the mean ſy- 
25 gy, according to its ſign, 

2. With the ſun's mean anomaly take the equation of the 


moon's mean anomaly out of the Table, p- 125. and apply 


it according to its ſign, and the moon's equated anomaly will 
be known, 


Ee 23. With 
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3. With the moon's equated anomaly take the ſecond 
equation out of the Table, p. 126. which being applied to 


the former time, according to its ſign, the reſult wal be the 


time of the ſyzygy very nearly. 
4. Subtrat the moon's equated anomaly, from the far , 


mean anomaly, and with the remainder take the third equa. 
tion out of the Table, p. 127. and apply it to the former 


equated time according to its ſign. 

, Laſtly, with the ſun's mean diſtance from the moon's node 
take the fourth equation out of the Table, p. 127. and ap- 
ply it to the laſt found equated time, according to its ben, 
and the en is ee of the true heh 


= 
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„% PRACTICAL ASTRONOMY; 


2. Theſe tables give the times of new and full moon with a 


little trouble, and ſufficiently true for common uſe ; being 
rarely above 1 or 2 minutes wide of the truth: but when it 
is required to find the moment of conjunction or oppoſition 
accurately, calculate the longitudes of the ſun and moon for 
the time found by the tables ; and if. they are the ſame, or 
differ 6 hgns, according as the new-or full moon 1s required, 
the time is truly found ; but if not, take their difference, 
Find the hourly motion of the moon from the ſun ; and 
then, | 


As the hourly motion of. the moon from the ſun 
Ts to 60 minutes; 


So is the difference between the ſun and moon's long. 
To a number of minutes, &c. f 


which, applied to the time ae found, will n the true 
time. 


3. The preciſe moment of conjunction or oppoſition is ſel. 
dom neceſſary except in calculating eclipſes. 


4. In the preceding examples the time of orbit conjunction 
or 1 is taken for the anſwer; that is, the time when 
the moon's longitude in her orbit is the ſame with the ſun's 
; longitude i in the ecliptic, is taken for the time of conjune- 

tion; and the time when the moon's orbit longitude differs 


6 455 from the ſun's longitude, 1 is taken for the time of op · 


poſition. 


All the anſwers are in mean time; and if the equation of 
time be applied to them with a contrary ſign to that in the 
table, the apparent time will be known. 

To calculate more accurately the time of new moon in 
Auguſt 1820: 'The anſwer by our tables is Auguſt 8 d. gb. 
58m. 10s. The ſun's longitude at this time is 48. 26” gf 44” , 
and his mean anomaly 1 s. ” 27 13", 
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The calculation of the moon's. en for = ſame time 


follows. —.— 
ds m. . | S I's en. d's N. 
= RAE: "OL 8. w £4 TS + * ro nl 88 0 0 * 
1820 3 19 18 4/1 6: 1 6 0 6 25 42 
Auguſt 8th - 0 18 48 26|11 24 17/51 | — 
9h. . 4 56 28] 4153 58 — 11 39 © 
58 m. - 31 50 31 344 — I 12 
108. 14 Inn 7 
a « h 3 TO Lan | 
4113 35 3610129 44 34 £224 45 23 
10 equations — 25 26] © +12 54 | "+ 5. 28 
| 4 13 10 10 10 29 57 28 11 24 50 £I 
Equat centre 2 3 1 4 ts Lg Lo 
8 58. 16 11 14| 10 29 32 2 
Variation + 1] arg. ad 1 
5 18 11 5 8 
13th equation” —1 WET 
_ S Loni 
Y's orb. long. 4 16 10 14 
Sun's long. 94 16 9 44 Rn 
Difference ; 30 ol 0 : 
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Moon's wel motion. EEE 28 54 
Sun's ditto - = |... = 3 24 


Hourly motion % EO . #6 30 ; 


121 Fermer time Auguft % S 8 8 10 
Interval ſubtra& 4 - . 1 7 


True time of new moon 8 9 57 3 


which is nearl the ſame with the former, 
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+: HR TY var: 


Of Eclipſes. 7 0 predif * Tim mes 4 of Fel 8 


and their Number in any given Ye ear. Culcu- 


lation Eclipſes. p 
| 17 the rays of light iſſuing from a FAY body fall 1 upon 
an opaque body, the opaque body intercepts them, and 
thereby renders a certain ſpace beyond it dark; and this dark 
ſpace is called the ſhadrey of the opaque body, whoſe form va- 
ties with the figure and magnitude of the opaque body. 


If the lucid and opaque bodies are equal globes, the da. 


dow of the opaque will be a cylinder of an unlimited length. 
If the opaque be greater than the lucid, its. ſhadow will be 
the fruſtum of an immenſe cone, the diameter of its baſe in- 


 treafing with its length; and if the opaque body be lcfs than 
the lucid, its ſhadow will be a cone. 3 


All the great bodies in the folar ſyſtea are et The 
fun is the only lucid body i in his gude, affording light ank 


heat to all the planets; which being opaque bodies, ſhine by 
| reflefting the ſun's light that falls on them: and beeauſe the 
lun is a much larger body than any of the planets, their ſha- 
dows are conical, each of them ending in a point. 
lengths of the ſhadows of the planets differ according to their 
feveral magnitudes. wr 


It is deprived of the ſun's light in whole or in part; and a ſpec- 

tator on A would ſee the ſun eclipſed, while at the ſame time 

* Par : : | 5 * 
N 


If any planet A paſſes through the ſhadow of ther B 


. 


323 PRACTICAL ASTRONOMT!: 


a ſpectator on the planet B would ſee the planet A eclipſed, 5 
If any planet was equal to or greater than the ſun, its ſhadow 
| would extend farther than the moſt diſtant of the reſt, and ſo 


eclipſe them as they paſſed through it 3 but it is known that 
none of the ſhadows of the primary planets extend to that 


next it 3 and therefore the primary planets do not eclipſe 


each other. It. is only the primary planets and their ſatel- 
lites that eclipſe each other, and the ſun to either. 


The only eclipſes that fall moſt directly under our obſer- 


vation are thoſe of the ſun and moon; and the prediction 


and calculation of theſe is a conſiderable pr of n 


| aſtronomy. 


The ſun is eclipſed when the moon comes been the 


earth and ſun, and intercepts his light ſo that the whole or 


ſome part of the ſun's diſc appears dark ; and this happens 
only at the time of conjunction or new moon. | 
The mqon is eclipſed when the earth, coming between che 


fun and moon, intercepts the ſun's light, and prevents it from 


falling on the moon, ſo that her diſc is wholly or partly dark ; 
and this . only at the time of oppoſition or full moon. 
If the moon's orbit was in the ſame plane with the eclip- 
tic, there would be a central eclipſe of the ſun at every con- 
junction 6r new moon, and a total eclipſe of the moon at 


every oppoſition or full moon; for then the moon, being al | 


ways in the ecliptic, the centres of the ſun, earth, and moon, 


would be always in the ſame ſtraight line at theſe times, 


But becauſe the moon's orbit is inclined to the ecliptic, and 
forms an angle with it of about 52 degrees, the moon is ne- 
ver in the ecliptic, except when ſhe is in one of her nodes; 


and therefore there are many conjunctions and oppoſitions of : 


the ſun and moon without any eclipſe. 


The moon is always at ſome diſtance from the e ecliptic, ex- | 


cept when ſhe is in one of her nodes; and this diſtance is 


called her latitude, which is north or ſouth, according as the 


moon is on the north or r ſouth ſide of . 
There 


** 8 22 — 


PRACTICAL ASTRONOMY. 43 


There cannot be a pwnd eclipſe of the fun unleſs the mo- 


ment of conjunction happen when the moon is in one of her 
nodes; which happens but ſeldom. And becauſe the ſec- 


tion of the earth's ſhadow, through which the moon paſſes at 


the time ſhe is eclipſed, is much larger than. the moon's dia- 


meter; the moon may be totally eclipſed when ſhe 1 is t a 


ſmall diſtance from her node. 

| There is ſome difference between a central and total eclipſe 
of the ſun ; for the ſun is centrally eclipſed to ſome part of 
the earth, when the moon is in her node, at the time of con- 
junction; but if at the ſame time the earth be at its greateſt 
diſtance from the ſun, the moon's ſhadow will be leſs than the 


ſun's diſc, and cover only a part of it about the centre; a lu- 


cid ring will appear round the part obſcured ; and ſuch are 
called annular eclipſes ; which happen very rarely. But if, at 
the time of conjunction, the earth be at its leaſt diſtance from 
the ſun, and the moon in perigee, her ſhadow will cover the 
whole diſc of the ſun. In ſuch a ſituation the ſun is totally 
eclipſed ; but ſuch an eclipſe docs not happen above once in 
ſeveral centuries. Hence eclipſes are central, total, or par- 
tial, according to the ſituation of the earth and moon with 
reſpect to the ſun and to one another. 


a Pros. XXXIII. To find out the number of Eell TY a 


are in any given year, and in what months and days they 


happen. 


From the Table of the moon's means motion, p. 30. take 
out the mean longitude of the moon's nodes for the given 
year; and then by the Table of the ſun's longitude for every 
day of the year, p. 25. find when the ſun's longitude will be 
nearly the ſame with that of the nodes, for at theſe times the 
eclipſes muſt happen. The months when the ſun is in or 

hear the Reg 150 the nodes may be called the node- months. 


In 
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my. PRACTICAL ASTRONOMY, 


In this 5 Inquiry it may be proper to remember that the moon's 
nodes move backward about 138“ eyery month. 80 


70 And the Days duben Ecti ipſes bappen. 
Calculate the times of the mean ſyzygies in the node - 


months out of the Tables, p. 121, &c. and alſo the ſun” 'Y 


| diſtance from the moon's node ; and if the ſun's diſtance 
from the node 2t the time of new moon be leſs than 18 de- 


grees, an eclipſe of the ſun may be expected; and if the ſun's 


diftance from the node at the time of full moon be leſs than 
12 degrees, there may be an eclipſe of the moon. We ſay 


there may be, becaul we < peak only of mean motions 
here, | 


% 


Exam. 1. Tt is TOY to find the nber of -dliple 
. In the years 1796.; and on what days they happen ? 

The mean longitude of the modn's north node, on the 1ſt 
of January 1796, is 38. 20* 35' and of the ſouth node 98, 
209% 357. The ſun enters the ſign Cancer about the 2oth of 
June, and the fign Capricorn about the 22d of December; 
therefore the node. months are E July, and Decem- 
Dore" 


I, Calculate the time of mean new moon in January. 
New moon. | ©'s diſt. from y's Q. 


, OLIN: OO We ON ANA — 


77 
1795 — . 
10 lunats. + 295 7 20 30 10 6 42 20 


— —— — — — — — — — 


New 9 1796 Jan. 9 10 11 38 5 29 6 "30 fun eclipſed,” 


The ſun's mean diſtance from the moon's north node be- 
ing 58. 2906 20”, his diſtance from the ſouth node is only 


53 40%; and therefore the ſun will be eclipſed to ſome place 
of the earth, 


2. For 


4 lu 


PRACTICAL 


2. For the time of mean new moon in July. 


| } O. diſt, from . 9255 


1796, March 8 11 30 44 
4 lunations +, 118 2 2 56 I2 


8. 927 
8 © 26 
4 "2 40 56 


i { 


New P July 4 14 35 $6 


1 5 YO WO; 


3. For the time of mean ful moon in December. 


New moon. 


2 2 OY tw. . * 1 


—_— 
— 


1 bh. m. s. 
1796, March 8 11 39 44 


x lunation ＋ 14 18 22 2 


Full J in Mar. 1 


46 


9 lunations +265 18 36 27 


209 Sun's dit, from Q. 


* 
* 1 


Full Y Dec. 14 © 38 13 


5 21 49 o moon eclipf. 


The ſun's diſtance. from the moon's north node being 
58. 21” 49', the moon's diſtance from her ſouth node i is only 
 8*10, and therefore ſhe is wa og 


4. For the time of mean new moon in 8 


Add 4 lunation to the 


New moon. 


2 8 


numbers for full moon. 


Sun's dif from Q. 


4 ; D. hi m. 
Full D Dec. 14 o 38 bo 
+ lunation ＋ 14 18 22 2 


— 
„ i. 


5 21 49 0 BC 
+15 20 7. 


New D Dec. 28 19 0 15 


Gg 


6 7 9 7 fun echipled, 


We 
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We have' found. that there are four eclipſes in the year 
1796, v1z. three of the ſun and one of the moon. The times 
of the mean conjunctions and oppoſition are: 


mo 


D. h. m. s. 


. | Jan. 9 10 11, 38 
Sun is eclipſad This 4 14 35 56 | 
1 ; Dec. 28 19 © 15 | 
And the moon is eclipſed - — 14 © 38 I3 
ve 
2. Required the number of eclipſes in the year 1797, and 
the days when they happen ? 


The mean longitude of the moon's north node, in January 


1797, is 3 8. 1 15; and of her ſouth node 9s. 1* 15's 
therefore the node months are June and December. 


1. Calculate the time of mean conjunction and oppoſition 
in June. 


22 2555 


New Moon. Sun's oY bm . 
5 | 'D. he: $5" 8, 8. 9 97 X 
1797, March 27 9 12 24 9 9 9 48 _ 

3 lunations 88 14 12 9| 3 2 © 42 | 


New Y June 23 23 24 33 O 11 10 30 > ſun eclipſed 
Subt. + lun. — 14 18 22 2 — 15 20 7 


Full D June 9 5 2,311 11 25 50 23 mooneclipſed. 


2. Calculate the time of mean · conjunction and opens 
in December. 


New Moon. Sun's dift. from N. 
> 2 Ein 4 4 7 | 
1797, March 27 9 12 24 9 9 9 48 
9 lunations - 265 18 36 29-9 6 2 6 


New D Decem. 18 3 48 51] 6 15 11 54 ſun eclipſed | 
Subt. 4 lun, — 14 18 22 2 —15 20 7 


Full ) Decem. 3 9 26 491 5 29 51 47 moon eclipſed. 
5 | \ There 


af 
es 
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There will be four eclipſes in the you 2797: two of 11 
moon and two of the ſun. 


141 | 5. h. m. : 

| The moon will be eclipſed June eb gf: Soar $01 
And December 5 0 K 9 7 
The ſun will be eclipſed June 3 23 23 25 
And December „ 


According to mean motions; ; but the 1 true times differ ſe. 
veral hours from theſe. | s 


In the fame manner we find that there will be four eclipſes 
in the year' en vi. 


RE I. an fn g. 
6 ant Ss N bmp 5 eh bg 
PA May 3. #s I; ; Bd 19 29 11 18 33 
Of the moon ditto 29 13 51 9 3 53 
Of the ſun November 7 23 53 | $ 22 34 
Of the moon ditto 5 1 of 22 18 15 | 0 754. 
07 v 365 and ey Eclipſes. 


Every eclipſe, whether of the ſun or moon, is viſible in 
ſome places of the earth's ſurface, and inviſible in others. 
For the rational horizon-of any place divides both the earth 
and heavens into two equal hemiſpheres, and no celeſtial ob · 


ject can be ſeen but when it is above the ſpectatorꝰs horizon; 


therefore an eclipſe which is viſible to the inhabitants of one he- 


| miſphere, muſt be inviſible to thoſe of the other; becauſe the 


object eclipſed is below the horizon of that other. For ex- 
ample, If a lunar eclipſe happens at any hour of the night be- 
tween the riſing and ſetting of the ſun, it will be viſible there, 
and inviſible to the inhabitants of the other hemiſphere, which 
have the ſun above their horizon at that time; becauſe the 
ſun and moon are in oppoſite parts of the heavens at the 
time of a lunar eclipſe : and the ſame is true in eclipſes of 
the ſun, with reſpect to the ſun's being above or below the 
horizon. There is, however, a difference between the viſi- 
bility of ſolar and lunar eclipſes ; for an eclipſe of the moon 
has the ſame appearance to all the inhabitants of that hemi- 
ſphere to which the moon is viſible at the time, owing, in 
parts 


— 
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part, to the ſmall diſtance of the moon from the earth, But 
| an eclipſe of the ſun may be viſible. to ſome places, and invi- 
ſible to others, in the ſame hemiſphere of the earth; becauſe 
the moon's ſhadow-is ſmall in compariſon of the earth's diſc, 
and its breadth (excluding the penumbra) is only about 180 
miles, even in central eclipſes; and hence thoſe places which 
are conſiderably diſtant from the ath of the ſhadow, may 
either have no eclipſe at all, or a very ſmall one, when places 
near the middle of the ae haze che greateſt poſſible. 4 


"EI XXXIV, To le an Eels of the Moon 
2 1. CarcvLars the true time of oppoſition by Prob. 32. 


and compute the longitude of the ſun, and the orbit longi- 
tude.of the moon, for that time: if theſe differ 6 ſigns, the 
time of oppoſition i is truly found ; but if their difference be | 


Teſs or greater than 6 ſigns, mark the defect or exceſs, and 
find the moon's hourly motion from the ſun ; ; then, as the 
hourly motion af the moun from the ſun is to one hour, ſa 
is the defect or excels to the interval; which being applied 
to the time formerly found, gives the true time of oppolition, 
This operation mult be repeated until the longitude of the {un 
and the orbit longitude of the moon differ preciſely 6 ſigns. 

2. Calculate the moon's latitude, horizontal parallax, and 


| bourly motion, by the Tables, p. 5360, ; take alſo the 


ſun and moon's ſemidiameters out of the Tables, p. 18—58, 
3. Add the ſun's horizontal parallax (which is 9 ſeconds) 
to the moon's for the time, and from the ſum ſubtract the 
{ſun's ſemidiameter ; the remainder is the ſemidiameter of the 
carth's ſhadow ; to which add the moon's ſemidiameter, and 
the ſum is the ſemidiameter of moon and earth's ſhadow 
from which ſubtract the moon's latitude, and the remainder 
is called the parts, deficient. If theſe be leſs thau the moon's 
diameter, the eclipſe will be partial; if they be equal to the 
moou's diameter, the eclipſe will be total without continu- 
ance ; and if they be greater thaw. the moon's diameter, the 
crlipſe 1 be my wan: continuance. 
| | Exam: 
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PRACTICAL ASTRONOMY. 
2 Calculate the ſun and moon's longitude for the time of ful 
moon. 1 9 2 1 
For the Sun's Longitude, 6 
. Sun's Long. | 55 Sun's anom. 
| TOE * dF 7 T7 % 
1797 RR 9 10 3) 33 6 181 
December 3d - 11 2 9 47 11 2. 8 46 
16 h. 3 39 25 
23 m. - * 7 57 n 9]: 
588. * * 
5 8 1327 44% 5 3 57% 7 
Equatioon n ee 
Sun's lIongitude 23 is, 35 59: 1 3 i 
For te Moon's Longitude, f ; 8. 
Moon's m. . Long. | - | Moon sanom. Moon's Y. 
2 LY MW g Ja Tn (3 "13 
R 24 8 o 24 6 53 3 1 15 6 
Decem. 3 4 8 26 45 2 22 54, 4 — 
1h... 125 3] 8 42.36 —17 50 45 
23m. - : 12 1 | 12 31 — 7 
586. 1 732 32 1. 
95 ; — 40 3 3 25 56 36 3 13 22 11 
10 equations ＋ 1 25 1} + 44 Is +4 3 
0 | 2 18 26 413 26 6:20 2 13 26 14 
Equat. centre — 5 45 57 +1 25 1 
: "2 2 12 40 443 27 31 21 
Variation „ ＋ 6| arg. 11th, [ 
13th equation — 1 13| | 
| Moon's orb. lon. 2 12 39 37 
Sun's long. 8 12 35 59 
Paſt oppoſition 3 38 


Arguments, 


PRACTICAL ASTRONOMY. 


Sun's longitude 8 12 1 5 43 
Moon's ditto - 2 12 35 43 
Reduction + 12 


231. 


Arguments. Equations. 
— e 
| 8. 0 7 1 ä RE. ; 14 
JT gf 
2 5 12 48 494 1144 0-17 
37 Sie 
414 447 580] O 0 47 
5 | 8 12 54 46] 11715 
6 | 1 16 52-13 o 1 30 
7] 3-$57-19]] 0 046 
8 | 10 21 59 9 e o 26 
99 2 8 0 £ 0 19 
10 6 6146 12] o o 22 
12 6 0 446 [1 26 31 2 
13 8 0 57 51—0 1 2 
14 |11 29 9 29 — — 
＋ 1 25 1 
| | 51 
Moon's hourly motion - 35 18 
Sun's ditto = £ Fe 2 32 
Hourly motion ) 20 8 - 32 46 
L. L. 
As 1 motion 540320 46" 2027 
To one hour or 60m. O 
80 is 3 38” =» - 12178 
To 6m. 398. 0 — 9551 
| b. h. m. . 
Former time December 3 16 23 58 
Interval ſubtract a — — 6 39 
Time of full moon ws; ny 16 17 19 
„ 


For 
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rer the Moon's Lal | | of 
Arguments. [ 


4 2 / «| \y vw” : 
11 29 13 23 | —4 11 
o o 53 23 + 8 
6 25 15 36 + 6 
2 29 19 20| — 25 
11 3 22 44] =; 7 

6 


8 Moon's lat. 8. —z 29 


Ge 


For ths Moon's ; Horizontal Parallax. 
| Arguments, [ | 


V 5 

8 12 54 46 + O11 
3 27 31'21 | +58 32 : 
SS % 15 Fg A 
Equatorial parallax” - 59 10 
Reduction 8 


Horizontal t 
Oy For the time of Don. 


. 
As Moon's hourly motion à © 32 46“ 2627 
To 1h. or 6om. 1 


So is reduction 12 1 24771 
To time of reduction + 22. 22144 
VV : 5 Fa in | 
Sun's ſemidiameter = 16 17 


| Moon” s ſemidiameter. -- 16 8 


Angle of the moon” 8 path with the ecliptic 540, Tab. p. 61, 


Note : In echpſes, the diſc of the ſun or moon is Tuppoſed 
to be divided into twelve equal * called digits, and each 


ef 


of theſe again divided into 60 equal parts or minutes. The 
nN of an x calle is eſtimated by us number of di- 


gits. BIA. e 
| (Calculation of the Fart pn 
777 RN 4711. „„ 
| Moon s horizontal rde. 1 t43 39 41 5 
* Sun' mine, At | o 231 405 F516 19 14 
Sum MY 8 3590 10 2 2 
Sun's mid iiett ſubtract : * — 10.17 . 
"jt; Scmidiameter of the earth's ſhadow. 12 33 
Moon's — add e + 16. 8 | 
a : - ; — * 
gemid. of the moon [ad carth's A 1 
Moon's latitude ſubtract — —4 29 
Remains che parts defictent g 54 32 
The eeliple will be total, | 
For the Digits Eclipſed, 
I. L. 
As moon's ſemidiameter 16 8” 5704 
To 6 digits e 
So parts deficient 54 32” 5 415 
To digits eclipſed 20⁰¹ 16! 471 
„ D 
| Mean time of orbit oppoſition Dec. 3 16 19 9 
Time of reduction add Ad and ſubtract == 22 
Middle of the eclipßlfe 3 16 ff at 
- Ecliptic oppoſition | 3 16.16 57 


To each of theſe add the 2 of time N 9 23 


Appar. time of the middle of the ecl. 3 16 27 3 
— —— of ecliptic oppoſition 3 16 26 19 


Hh 


* 
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'To fed the iy up of ? a or 7 * part of the Moot 


h which ſbe paſſes over between the beginning and middle 
of the Eclipſe. 


Reduce, the ſum of the 88 of the moon and 


earth's ſhadow to ſeconds, and alſo the moon's latitude; find 
their ſum and difference; and to the logarithm af their ſum 
add the logarithm of their difference, and divide the ſum by 
2, the quotient is the logarithm of the ſcruples of incidence 
in ſeconds, £ 
In e the — of che moon and earth's 


3 RR. „ 


ſnadow is 59 5 | 
Megs" p; latitude - 4 29 = 269 Logarithms. 


e 38 10 | 3-5809450 
Differences 3272 3.5 148133 
1 27.957583 
Scruples of incidence 3530 = 5478791 
or 58 ** 
For the time of half duration, 
2% 5 1 
As nk; mo. ) from © = 32 46 | * 


To 1 hour or 60 minutes 
So ſcruples of incidence 58 50 WEE 50 55 


To time of half duration Ih, 47 m. 428 0 1 51) 769 


| 147 42 
Becauſe the terms of this proportion are ſuch, that the 
fourth term comes out too great for the Table of logiſtical 


logarithms, take half of the third term; and then double the 
fourth term for the anſwer, - 


1 


Pra” T3,  * 


W110 wWw e 


| Moon's latitude - 4 _—_ 269 —— 


PRACTICAL ASTRONOMY. "35 
8. ; 
3 

42 


D. h. m. 
A 3 of the mide of te zr. 10 2178 16 27 
Time nn ſubtract and add 2 1.47 
1 Beginning — 3 44 39 25 
222 - 317 


13 total eclipſes of the moon, ſhe continues ſome time in 
total darkneſs z to calculate this time, it is neceſſary to find 
the half length of that part of the moon's: path which lies 
wholly within the earth's ſhadow, which ſome call the ſcruples 
of total darkneſs. The operation is performed thus: 
Subtract the moon's ſemidiameter from that of the earth's 
ſhadow T) reduce the remainder, and alſo the moon's latitude, 
to ſeconds ; then find their ſum and difference, and take the 
half ſum of the logarithms of the ſym and difference, and the 
number anſwering g is the ſeruples of total darkneſs, : 
In this example, „ 
5 g r ai 


The ſemidiameter of "Y NETS ſhadow is 42 
The moon's diameter 16 


117... 
1 * 1885 


The difference is 26 45 1666 


= 
* 


© "Aa 1874 2727696 
Difference 1336 F 7+ 6 " 
7 | — — 
| 1 206 3985761 


—  _____ 7 


Seruples I 584 3. 2 fs 


or 20' 24 
For the time of half duration of * darkneſs, 
. 
As hourly motion of moon from ſun = 32 46 2627 
To one hour or 60 minutes 9 
So are ſeruples _— „ 24 3565 
To time of half duration 48m. 218. 938 


Apparent 


\ * 


— 
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C] D. h. m. . 


e ee 3 16 27 3 


Half duration of total darkneſt ſubt. and add === 48 21 


Beginnin F Ze - 3 15 38.42 
End bf 855 . e 1 
| "Mi as. lenden Wee e the n 
earned. Deo. _ z 3a 1 time. 
| &fT ob, m. 0 
Beatin 1 b 8 5 . e W 14 39 
Beginning of total . e he 15 38 
Eeliptic oppoſition 106 26 
Middle of the eclipfe _ 16.7% 
Eiid of total dart, 1 i Vn 5 15 15 
End of the eclipſe F 3 14 


Digits eclipſed 20 16 from S. fide a ebe hadow. 
Duration of the eclipſe 3 h. gm. | 
Duration of total —— a 1 


75 Gh a figure repreſenting the Echpſe. Fig. 1. 

1. Draw the ftraight line AB: for part of the -ecliptic, in 
which take any point C, and draw CD at right angles to 
AB, for the axis of the ecliptic; which 1s drawn downwards, 
becauſe the mvon's latitude at the beginning and middle of 
the eclipſe i is ſouth. 


2. Take the ſemidiameter of the moon and earth's ſhadow, 
go 


59' i”, from any Jeale, and with it, as a radius, deſcribe the 
circle ADB; the moon's centre is in one point of the cir- 


| cumference of this circle at the beginning, and, in the oppo- 
a ſite pod af it, ut the end of a total evliple,, 


3. Take the ſemidiameter of the earth's 9 42 53", 
from the ſame fcale, and with it, from the centre C, deſcribe 
the circle * to repreſent the earth's ſhadow. 


._ <2 . 5 


4- Make 


* 
3 
I 


w to | - 


* 


wy 
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4. Make CD the radius of a line of chords on "the ſector, 
and from it take che angle of the moonꝰs path with the eclip+ 
tic 5 40 , and ſet it from D to E towards the left hand (be- 
cauſe the moon's latitude is ſouth aſcending nofthward), and 


draw the line CE for the axis of che moon's orbit. 


5. Take the moon's latitude 4 29 from the ſcale,” which 
ſet from C to F on the line CE; and through F draw the 


ſtraight line PN at right angles to CE; 3 then. the points N 


F, and P, are the places of the moon's centre at the ber 


x ning, middle, and end of the eclipſe. Take the moon's ſe- 


midjameter from the ſcale, and with it deſeribe circles fi from the 
centres N, F, and P. Theſe al repreſent the moon at 
theſe points, 101 5 


EEE” "= 


To mark the Hours on the Moon's path. - 

The middle of the eclipſe i 18 December zd 16h, 27m. 38. 
which, in eivil reckoning, is 4h. 27 m. in the morning of De- 
cember 4th, marked on the moon's path by the point F. 
Now, for the place of four bott, lay, 

As one hour 

Is to the moon's br moting 8 the tha 37 ob 

So is 27m. 3s. 

To 14' 46“ the diftance of 4h. from F. 

Take 1 46' from the fcale, and ſet it from Pi the 


right hand for the place of 4 hours; then take the moon's 


hourly motion from the ſun 32 460, and ſet it on the moon's 
path from 4 to 3, and to 5, and alſo from 5 to 6, and the 


hours are marked. ' Divide each of the hour diſtances into 


fix equal parts, and the place of the moon's centre will be 


known at every 10 minutes, 


Exam. 2. Calculation of an eclipſe of the moon which wil 

happen 1802, Sept. 11th. 
Mean time of orbit oppoſition, * 11d. 10h. 40m. 
Ag that time ſun's longitude 58 18˙ 25 16"; moon's longi- 
tude 


; | . 
{ 
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tude 118. 18® : 25 26, latitude, north, 37 6 W * 
e eee eee E 


A I 9s 
10 2 motion wa 38 4 


ay Moon's bay a motion from fun | % 27 gy>g8+ 


2 i 4. TAG ee 
Moon's femidiameter . . | 3 2 15 . IRE, © o 16 43 
Sun's ditto 8 "5h 8 0 15 $1 
eee bees 3.4. * +. O OA 


Angle of x] moon” 8 path with the ecliptic i is * 1 38 © 
| Calculation of the Eclipſe. * 


8 horizontal parallax , 8 q 2 b. 62 17 


5 Tue ſubtract e135 57 
Semidiameter of carth's ſhadow . J 29 


Moan's ſemidiameter, add 99 ego + 16 43 


Semidiameter of moon and earth's ſhadow , 62 12 
.. Moon's e fn & 2 A N. — 37 6 


Ae e gbr e vN 1 r 
For the nie gel. 
f 70 . 1. 
As us femidismeter - 016 43 5550 
To 6 digits - 100000 
So parts deficient — „ 378 5 


To digits 55 9.0 0 8235 


. oa wa * 


*; ve. _ 
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Res „ 201 604 D. h. m. 8. 
© Mean time of "A tid = 11 10 40 © 
Time of reduction, ſubtract and 1 - 2 48 
Middle of the ecliple . - 11 10 3) 12 
Ecliptie oppoſition F - . 11 10 42 48 
Equation of time add to eck +3 31 
7 Apparent middle of the eclipſe - 11 10 40 43 
13 ecliptic oppoſition 11 10 46 19 
7 „ For the ſcruples of incidence. 


0 1 : 5 | Ul 1 1 
: Semid. of the ) and S's ſhadow 62 12 = 3732 
Moon's latitude - 37 6 = 2226 


——L 
Sum . 5958 3.77510 
Difference = 201.28 - 1506 3-1778250 
2 069529255 
Scruples - - 38 2995 34764627 


On de, oe oe ih oo 4 
| For the time of half duration, 


f ﬀ L L. 
As moon's hourly motion from ſun 3 5 38 2263 
To 1 hour or 60m. . 0 
30o + ſcruples of incid. = 9 59 7789 
To 3 of half duration » 16 48 5526 | 
| 6, 5 
Half And - Ih. 24m. os. 
Apparent middle of the eclipſe 11 10 40 43 | 
Time of half —_ ſubt. and add ==1 24 © | | 
Beginning - 11 9 16 43 | | 
Ha -- » 2 5 11 12 4 43 
rs 
4 


&4o h — RA TICAL , * CT MY: 
PR _—_— 1 __ the Homer is ata 


— 


91 1 | ENS 41193 "Ion time: 

5 1 h. „ 
eee > 0 [644 '9 16 
* » Kiddie is < - 3 $0171 1 1 
Fare opener H o 2:0 10 46 


5 4 
Dura 2 hours 18 nisten Digi eclipſed 22 


"To de ride FY Figure repreſenting the Bk 1 85 Fig. 2. 


This is done in the ſame manner as the former; only, be. 
cauſe the moon's latitude is north, the ſemicircles ADB and 
KLM muſt be above the ſtraight line AB; and becauſe the 
moon's latitude is aſcending northward, the angle of her path 
. "with the ecliptic 5* 38'- muſt be ſet from D to E towards 
the right hand. . Draw CE for the axis of the moon's orbit, 


and thereon ſet the moon's latitude 37 6” from C to F; and 


through F draw the ſtraight line NP at right angles to CE; 
and then the points N, F, and P, are the places of the moon's 
centre at the beginning, middle, and end of the eclipſe, as in 
the former example. 

Take the moon's ſemidiameter 16 43 from the ſcale, and 
with it, for a radius, deſcribe circles on the centres N, F, and 
P, which will repreſent the moon's diſc when ſhe is at theſe 
points; and then place the hours on the moon's path as di- 
rected in the former example 


Eerirsks or Taz SUN. 

Before proceeding to Solar Eclipſes, it will be proper to 
premiſe ſome things for explaining the terms uſed in the gra- 
phical delineation of them. 

Although the earth is nearly a globe, yet when it is view- 


ed from a very diſtant point, ſuch as the centre of the fun, it - 


will appear as a flat round ſurface, like the moon, to us; and 
this appearance is called the earth's diſc. . 8 
N By 
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By the oontinual rotation of the earth round its axis every 
point on its ſurface deſcribes a circle parallel to the equator; 
why and the circle deſcribed by any point or place is called the 
| path of the vertex of that place. n | 
The repreſentations of the paths of places on the earth's 
diſc are not always of the ſame farm, but differ with the ſun's 
longitude ; : for when the ſun is in either of the equinoRial 
points, the paths of all places are repreſented by ſtraight lines; 
and when the ſun is in any other point of the ecliptic, they 
are repreſented by ellipſes, more or leſs -cecentric according 
1 as the ſun is nearer to, or farther from, the equinoRial circle. 
; In deſcribing theſe paths an the earth's diſc, reſpect muſt 
be had to the poſitian-of the axes of the earth and 2 
; 
ö 


at the time. ö 

When the ſun is in any of the aſcending ſigns , S, *. 
, V, N, the earth's axis lies to the right hand of the axis 
of the ecliptic; but when he is in any of the deſcending ſigns 
S, b W, Ar, m, Þ, the earth's axis lies to the left 
hand. When the ſun is in either of the ſolſtitial points, the 
two axes coincide ; and when che is in either of the equinoc- 
tial points, they form the greateſt angle. 

When the ſun is in any of the northern ſigns, Aries, Taurus, 
&c. the north pole of the earth is in the upper or enlightened 
part of the earth's diſc ; and when he is in any of the ſouth- 
ern ſigns, Libra, Scorpio, &c. the north pole of the earth is- 
in the under or abſcure part of the diſc. 

The -tranſverſe diameter of any path is always at right 
angles to the earth's axis, and the „ Me diameter coin- 
cides with or is a N of it. | 


Pros. XXXV. The Latitude of a Place, the Time of the Year, © 
and the Sun's Longitude, being given to deſcribe the Earth's 0 
Diſc, and the Path of that Place thereon. 


Fran. It ĩs required to deſeribe the earth's diſc, and the 
Ii 5 path 


#1 „ 
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path of a place in latitude 515 32 N. 1803, Auguſt 17th, at 
8h. 19 m. in the morning, apparent time? Fig. gd. 

Sun's rr 48. 23 24 4 S's mee from the ſolſtice 
53* 24 45“; declination N. 1343 445 

Draw the ſtraight line AB to repreſent a part of the * 
tic, and let C be the point therein, which is oppoſite to the 
ſun at the time: from C draw CH at right angles to AB, 
and CH is the axis of the ecliptic, and H its pole. 

From the centre C deſcribe the ſemicircle AHB to repre. 
ſent the northern half of the earth's diſc. Make CA or CB 
the radius of the line of chords on the ſector, and take the 
chord of 234 degrees, which ſet from H both ways to f and 
g. and draw the ftraight line fVg ; the north pole of the 
earth 1 is always in this line. 

Make / V the radius of the line of fines on the ſector, and 
take the fine of 53 24 45”, the ſun's diſtance from the ſol- 
ſtice, which ſet off from V to P towards the left hand, be- 
cauſe the ſun is in the fign Virgo, and draw the ſtraight line 
CP5- for the earth's axis; then P is the north pole of the 
earth. Or the angle contained between the earth's axis and 
that of the ecliptic may be found more OY by calcu- 
lation, thus: 

; © „ 
As radius - - - $8.90 o 10. 
Is tothe ſine of the ſun's dift. fromthe ſolſtice 53 25 9.9047 106 
So is the tan. of the diſtance of the poles 23 28 9. 6376106 + 


—— 


Tothe tan. of the angle contained by the axes 19 13 9.5423212 
Now ſet off the chord of 199. 13' from H to h, and join 
CH, which will cut 7g in P, the place of the north pole. 
Make CA the radius of the line of chords on the ſector; 
take the chord of 380 28', the complement of the latitude, 
and ſet it off from'h, both ways, to e and a, where make 
marks. Again, take the chord of the ſun's declination 130 
43 4 3' from the * and ſet it off * the points e and a, 
both 
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both ways, "to D and F, and to M and Gz then draw'the 


nes DM, FG, cutting CP in 12 and 12; and the line 12 


K 12 is the conjugate axis of the ellipſe, which biſect in K, 
and through K draw the line 6 K 6 at right angles to CP. 
Make CA the radius of the line of fines on the ſeQor, 
and take the fine of the co-latitude 380 287, and ſet it off from 
K, both ways, to 6 and 6. Theſe hours fall on the circum- 


ference of the diſc, when the ſun is in either of the equinoc- 
tial points z but at all other times they fall within it. "ENS 


line 6 K 6 is the tranverſe axis of the ellipſe. | 
Make K 6 the radius of the line of ſines on the ſector, ws 
from it take the ſines of 15?, 30*, 455, 60?, and 75, and ſet 
them off from K; both ways, towards 6 and 63 and through 
theſe points draw lines parallel to CP. Again, make K 12 


the radius of the ing of ſines on the (eQor, and take from it 


the ſines of 47 59, 60®, 45%, 309, and 15*, and ſet them off on 
the parallels, beginning with that next to 12 K 12; and 
through theſe points draw a curve line, which will be the 
path of the given place. Mark the hours on the path as per 
Figure, and divide them into * RY and * 


parts, at pleaſure, | 


The 12 next to P marks aid, hin the ſun's decli- 
nation 1s north ; and that part of the path i is below the diſc: 
but the other 12 between K and C is noon or mid-day. 
The path touches the ' circumferende'of the diſc a little be- 
fore 5, which is the time of ſun-riing ; and again a little af- 
ter 7, the time of ſun · ſetting. 

In north latitude, when the ſun's declination is ſouth, the 
12 neareſt to P is mid-day, and the other is midnight. 

In the ſame manner, the parallel of latitude, or path of 

any place, may be deſcribed on the earth's diſc for any given 


time, and is uſed in repreſenting the appearance of an eclipſe 
of the ſun, | 


Pz68, 
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| Prom xXXXVI Ts Caloulte as Bal of the Sun. 


'Þ or ee ee; * time _ mean ein de with the 
ſun's diſtance. from the: moon node, and. thereby find if an 
eclipſe will happen; and if it do, calculate. the true time of 
conjunction, and, Foe. mo and moon's n at that 
time. 

2. Calculate the moon's "be tf abs las. hop 
eee kemidimetor, and angle of her- path with the 
ecliptic, W 


3. Calculate the ſun's declination, hourly moles, and his 
diſtance from the ſolſtice. 


Having, found theſe neceſſary requiles write eſs deo 
in order ae ready for uſe. 


1 The ſun will be eclipſed in Augult 1803. 
The time of mean conjunction is Aug. 17 d. 7B. 12m. 248. 
Sun's. mean diſt. from the moon's node 6s. 20 8, 87. 


And the true conjunction is *. 16d. 20h. 30 m. 34 8. 
mean time, | 


| 8. r 
The ſun's EI * - 4 2 
| n toe 3 4 oy 23 FS 
Paſt conjunction ; Fg - — o 5 3 46 
5 Seen 18. 6168 uo 
| „ „ 
5 Moon 8 hourly motion . . 30 57 
Sun's ditto ſubtra t 2 24 


en, motion from fur - 28 33 he 


As moon's 1 motion à O 28 3 3! „„ 
To r hour or 60 minutes e 
80 is difference of longitudes 3 46” 12022 

To interval — 5 m. . 35796 


PRACTICAL ASTRONOMY. ap 


D. h. m. . 
Prom the time Crmarly bund ir 16 20 30 34 
Subtract the interva i! — 7 34 


» — 1 2 — WI] 


Correct time of conjun&tion | >: 16 2 20 22 40 
1 nnen 921 PR ISS. — 3 48 | 


* a ee. Ate tt 


Apparent time of conjunction 16 20 18 54 54 
or 8h. 18m. 548. in the morning of Aug. Iyth. 


For the Sun and Moon's places at the corredted time of 
| | Conjunction. a 
ths Rte <a ro 
As 60: 2.24 :: 7 54: 18 tobe fubtraed from ©'s lon 
60: 30 57 :: 754: + 4' to be ſubt. Som che Palssgs 


8. 6 
And then the fun's longitude i is 4 23 24 45 
The moon's ditto - 423 24 45 


| o „ 
2. The moon's . parallax, or bar 1 3 
diameter of the earth's diſc L — 818 
3. Sun's diſtance from the neareſt folſtice 53 24 45 
4. Sun's declination north _ - 13 43 43 


5. Angle of the moon's path with the ecliptic 5 43 0 
6. The moon's: latitude ſouth deſcending - 0 0 46 
7. The moon's hourly motion from the ſun o 28 33 
8. The ſun's ſemidiameter 15 3 - 
9. The moon's ſemidiameter. - 4 

10. The ſemidiameter of the 8 or ſum 


of the ſemidiameters of ſun and moon 


o 30 56 


In this example the ſunꝰ's diſtance from the neareſt ſolſtice 


is. found by ſubtracting 3 ſigns from his longitude. The 


angle of the moon's path with the ecliptic is taken out of the 


Table, p. 61. 


The method of finding the other numbers has been taught 
. 


Pros; 
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Paes. XXXVII. To deſeribe a Figure repreſenting the E. 


clipſe, and to find its magnitude, beginning, middle, and end, 
at London. Fig 3 


Dua; the > wc BY line AB to 3 a 1 of the 
ecliptic : take the ſemidiameter of the earth's diſc from a 
ſcale, and with' it as radius deſcribe the ſemicircle AHB for 
the northern half of the earth's diſc, and thereon deſcribe 
the path of London, 25 has been taught in the preceding 
problem. 4 

Make the ſemidiameter of the diſc CA PS radius of the 
line of chords on the ſector, and take the chord of 5 43', the 
angle of the moon's path, which ſet off on the circumference 
of the diſc, from H towards the right hand, to M, becauſe 
the moon's latitude is ſouth deſcending, and draw CM for 
the axis of the moon's path, ; 

Set off the moon's latitude 46” ſouth on Me, Nee 
below AB to X; and rough X, at right angles to MC, 
draw the line of the moon's path, which cuts AB on the left 


hand of X. The N X is the time of conjunction by the 


Tybiey. 


To find th place of 8 wich on the moon's 3 | 
4 of L. 
ht 1 hour or 60 minutes 


To the DIC hourly motion from the O 2833“ 3 22 5 
8s is the time of conjunct. after $h. 18 m. 528. 5025 


—— — 


To the e of 8 hours from X g' 58” 8250 


Take 8' 58 from the ſcale, and ſet it off from X towards 


| the left hand for the place of 8 hours on the moon's path. 


Take alſo from the ſcale 28' 33“, the moon's hourly mo- 


tion from the ſun, and ſet it off both ways from 8 to 9 and 
7, as alſo from 7 to 6, &c. and the places of the hours on 
the moon's path will be known. Divide each hour diſtance 

into 12 equal parts by dots, and the place of the moon's 


centre, 


= 
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centre, or rather the tears of the penumbra, will be known 


at every, 5 minutes duringethe eclipſe. 


To find the middle of the Eclipſe. 
Apply one fide of a ſquare to the path of the moon or 


penumbra's centre, and move it backward and forward until 
the other fide of the ſquare cuts the ſame hour and minute 
on the path of London and of the penumbra's centre, which 
in this example is at y and u in 6 hours 32 minutes, the 
middle of the eclipſe. 

Take the ſun's ſemidiameter 15' 52” from the dds and 
with it deſcribe a circle about the point y for the ſun's diſc : 
then take the moon's ſemidiameter 15 4 from the ſcale, and 
with it deſcribe a circle about the point « for the moon's 
diſc at the middle of the eclipſe. The part of the ſun's diſc 
cut off by the moon's is the magnitude of the eclipſe as it 
will appear at London. In this example it is about 34 di- 

its. 
; Laſtly, take the ſemidiameter of the 1 30 56, 
from the ſcale; and ſetting one foot of the compaſſes on the 


moon's path, and the other on the path of London, towards 


the left hand, carry that extent backwards and forwards un- 
til both points fall on the ſame hour and minute in each path, 


and that is the beginning of the eclipſe at London. With 
the ſame extent of the compaſſes, and one foot on each path, 


carry them backwards and forwards towards the right hand; 


and where both points fall on the ſame time, that will be the 
end of the eclipſe at London. Theſe trials give, 


| - b. m. 
The beginning of the eclipſe at A 27 
The middle - - 6 32 

Tue end - - - 7 30 

Duration 1h. 40m. Digits 3? 30. 
2 EXPLA. 
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fon Teble contlaing the latltyites and 80 of 
ſome cities and places is collected from the beſt ob. 
ſervations, and is equally uſeful in geography and aſtronomy ; 
for it is by the latitude and longitude of any point or place 
on the earth's ſurface that its poſition and diſtance from any 
other point on the ſame ſurface is determined, as alſo the 
poſition -of the ſtars for any given time. The difference of 
time between the meridians of different places affords an ea- 
ſy rule for making aſtronomical tables, calculated for any 
place, anſwer -univerſ; _ for all places whoſe Naber art 
* 


2 E of the Mean Motions 1 Cele l Ohh. 


mur idea that the fun, moon, and ftars, performed all 
their motions in circles, was perhaps one of the firft which 
men received concerning thefe very Uiſtant bodies. The re- 
gular returns of day and Tight, of the ſeaſous of the year, 
and of:almoſt all things in the viſible world, would ſerve to 
confirm it: and although it is well known that the orbits of 
the planets are not perfect circles, it is equally known that 
they differ very little from circles ; and therefore modern 
aſtronomers retain the idea, and form tables of the motions 
of the planets, as if their orbits were circles, and their mo- 
; : tions 
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tions always uniform, paſſing over equal ſpaces in equal times: 
Such are called Tables of Mean Motion; and the longitude of 


a planet computed from ſuch tables for any given time i is 
called its mean longitude, 


Tasks I. II. Contain the Sun's Mean Motion, and the Pre- 
cefſion of the Eguinoctial Points in Julian Tears, p. 5. 


Tux aſtronomical year is that ſpace of time wherein the 
earth moves once round the ſun, or whereth the fun ſeems to 
move round the whole ecliptic from any point, ſuch as the 
vernal equinox to the ſame again; which, according to the 


moſt accurate obfervations, conſiſts of 365 natural days 


hours 48 minutes 544th ſeconds; but in civil reckoning there 
are two kinds of years, common and biſſextile. A common 
year conſiſts of 365 days, and the biſſextile of 566. Theſe 
are called Julian years, from Julius Cæſar, who introduced 
this method of computation. 

Mr Mayer makes the ſun's mean motion in 365 days to 
be 118. 29 45' 400.7. Admitting his numbers, we have, 
| For the 4th Year. , 


Year. | 1 gb = 
i | 11 29 45 40.7 To the 2 yaw. 11 29 17 2.1 
2 | I1 29 31 21.4 Add mo. for 1 yr. 11 29 45 40.7 

3 | 11 29 17 2.1 And for 1 day 59 8.3 

$003 5h — — 


The 4th year = @ © 1 61.1 
That is, in er years the earth goes four times round the 
ſun, and 1' 51” more. In the fame manner, the ſun's mean 
motion may be found for any number of Julian years, as in 
the Table. See this deſcribed in p. 88, 89. 
The yearly motion of the earth's or ſun's apogee is found 
to be 1' 6” ; which being ſubtracted from the ſun's yearly 
motion in longitude, the remainder is the ſun's mean anomaly 


K k for 


/ 
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for 1 year; and for any number of years the mean anomaly, 
is found in the ſame manner as the mean longitude. 


It has been found by obſervation, that. the e 5 


points move backward, contrary to the order of the ſigns, at 
the rate of 500.3 yearly, called the preceſſion of the equinoxes ; ; 


and multiplying 500.3 by 2, 3, 4, 5, &c. the numbers in 


Table II. are found. 


TasLE III. Contains the Sun's Mean Longitude and Anomaly, 


with the Obliquity of we ee for Years current of the 
Chriſtian * p- 6. 011 


Tux Table is compoſed 3 in this manner: The mean longi- 


tude and anomaly of the ſun, with the obliquity of the eclip- 
tic, are found for the noon of the laſt day of December 1760, 


which is accounted his mean longitude, &c. for the ſucceeds. 


ing year 1761. To theſe numbers add the ſun's mean mo- 
tions for 20 years, taken from Table I.; the ſums are the 


ſun's mean longitude and anomaly for 178 1. To theſe add 


the mean motions: for 10 years, and the mean longitude and 
anomaly for 1791 are known. And for the following years 
add the ſun's mean motions in one year to his mean longitude 
and anomaly for the-preceding year continually; remembering 
to add the motion of 1 day more for every biſſextile year, un- 
til the number of years which the Table is to contain are 
completed. 

The annual differences of the obliquity of the ecliptic are 
very ſmall, and not always regular. It appears by the Table 
that the difference is only about 25” in 6. 1 ; therefore 
the obliquity of the ecliptic may be ſtated at 23* 28' during 
the next 50 years without ſenſible error. 

When the ſun's mean longitude and anomaly are wanted 
for any year which is not in the Table, take the mean mo- 
tions for the intermediate years from Table I. and if the year 


is before 1761 ſubtract them if after it, add them to the 


numbers 
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numbers for 1761, and the ſum or remainder e be have | 
mean longitude and anomaly required. 


In theſe additions 12 figns are to be rejected as ſes as 


they occur; and in the WuberhESoas 12 2 muſt be: bor⸗ 


nene whett wean, 

TaBLE IV. p. irs, Suu the kus mes eib! ler 
the days of the year, diſtributed into 12 kalendar months. At 
the noon of January iſt there is one aſtronomical day paſt, be- 


cauſe it began at the noon of December 3 iſt; and therefore 


the ſun's mean motions in one day are put down. Theſe 
being multiplied: by 2, 3, 4, 55 &c. (allowance being made 
for the fractions in one day's motion), the products are the 


numbers of the Table; remembering to place them properly, 


viz. the motions for 31 days at the laſt day of January; for 
32 days at the 1ſt day of February ; and bots on until the 31ſt 


of December, | e C 


TagE V. Contains the ſun's mean motions for hours, mi- 
nutes, and ſeconds, whieh may be underſtood from what has 
n og of his motions for days, P. 13. * 


TABLE VI. o the Mean Refratiions. 


Tux difference between the true and apparent altitude of 
any object in the heavens is called its reſradtion: the quantity 
of it agreeing to any altitude is found in the Table, and is to 
be taken out and ſubtracted from the apparent altitude, and 
the remainder 1 18 the true altitude, 


* 


Tas VIE. Equations of the Sun 5 Centre, p. 24. 


Tur ſun's mean and true longitudes differ more or leſs in 
every point of the earth's orbit except two, viz. the aphe- 


Fon and perihelion; and theſe differences are called equations 


of 


252 EXPLANATION op Tus TABLES. 


© of the ſuits centre, One cauſe of the difference is, that the 
earth's orbit is an ellipſe, in the periphery whereof the true 

Jengitude is reckoned from the vernal equinox, and the mean 

longitude js reckoned from the ſame point in the circumfe. 

rence of a circle, whoſe diameter is the greater axis of the 

ellipſe. The circle and ellipſe coincide only in the aphelion 

and perihelion ; and therefore when the ſyn or earth is in ei- 

ther of theſe points, the mean and true Jongitudes are the 

Same, and there is no equation. 

Another cauſe of the difference between the mean and true 
Wen ewe er from the unequal motion of the earth in its 
orbit; for whale the earth proceeds from its aphelion to its 
Perihelion, its motion is continually accelerated; and from 
its perihelion te its aphelion, its motion is vontingolip re- 
tarded ; and this as true of every planet. 

When the ſun appears in the earth's aphelion, his hack 
tude is about 38. 95, and his anomaly is o, becauſe it is rec- 
koned from that point: and when he appears in the earth's 
perihelion, his longitude is nearly 98. 9% and his anomaly is 


6 ſigns, In the firſt fix ſigus of anomaly, the equation found 


in the Table is to be ſubtracted from the mean Jongitude ; 
in the other ſix ſigns it is to be added, and the ſum or re- 


n is the true longitude. 


| T4214 VIII. Contains the Logarithms of the Earth's Diflances 


from the Sun, p. 15, 16. 


1 1 orbit is an ellipſe, 8 in one 


£1 its foci, the earth's diſtance from the ſun varies every mo- 

ment: for it is greateſt in aphelion, and decreaſes as the earth 

f. from thence towards the perihelion, where it is 

leaſt, The ſeyeral diſtances decreaſe in the firſt fix ſigns of 

pnomaly, and increaſe in the other fix. When the anomaly 
$9 ay ſigns, the earth is at its mean diſtance from the ſun, 

ih 15 expreſſed 
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_ expreſſed by 100000). In all other points -the diſtance 48 


either greater or leis than the mean. | 

The earth's diſtance from the ſun being calculated for 
every degree of anomaly, the. logarithms of - theſe diſtances 
are contained in the Table, and are of ak in n the 


nn of the. other planet. | 


1 14 - * „ 


was IX. The Sun's Deelinution: 10 every Degree s bs 
eib Longinalt; ” en ! 


Ar che time of either « equinox the fans is in tho ing 


circle, but at all other times he appears at ſome diſtance from 
it, either north or fouth and this alan is called bis 4 

clinatiou. 

At the vernal equinox the ſun hes no PROF Res 5 1 


from that point his declination increaſes northward, until he 
comes to the ſummer ſolſtice, where it is greateſt; and from 
thence it decreaſes until the ſun is at the autumnal equinox, 
when again it is nothing; and then changes its name from 
north to ſouth, and increaſes ſouthward to the winter ſolſtice, 


where again it is greateſt ; and from thence it decreaſes . | 


the ſun appears in the yernal equinox. . 

Thoſe points of the ecliptic, which are equally diſtant be 
the equinoxes or ſolſtices, being alſo equally diſtant from the 
equinoctial circle, have the ſame declination; and therefore 
the declination being calculated for every degree of the firſt 


quadrant of the ecliptic, anſwers for the whole; for the, be- 
ginning of the ſign Taurus, of Virgo, of Scorpio, and of Piſ- 


ces, are all at the ſame diſtance from the equinoctial circle, 
and conſequently theſe points have the ſame declination ; on- 


ly in the two firſt the declination is north, and in the two laſt 
it is ſouth; and the ſame is true of all other points of the 


ecliptic which are equally diſtant from the equinoctial or ſol- 


ſtitial points. 
Tas LE 
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TABLE . The Sun's Apparent Semidiameter and Hourly 
Aalen p. 18. 

Warn the earth is in its aphelion, bY fun's diameter ap- 
pears leaft, and his apparent motion ſloweſt ; his diameter at 
that time is only 31' 34“, and his hourly motion 2' 29”, 
While the ſun moves apparently from the aphelion to the 
perihelion, his diameter and hourly motion iticreafe with his 
anomaly, and are greateit m the nn his diameter be- 
ing then 32 380, and his hourly motion 2 33". The diffe- 


rence between the aphelion and perihelion diameter i is 64% 


and between the hourly motions 10% | 

The Table contains the ſun's ſemidiameter and dot mo- 
tion to every 100 of mean anomaly; which, by taking propor- 
tional parts for the intermediate degrees, will ſerve to find 
them for any given anomaly. They are frequently of ds in 
| Aftronomy, ee in calculating eclipſes. 


| Tanus XI. Contains the equation of time for every 3 
of the ſun's longitude, p. 19—20; and by uſing proportion 
for the minutes and ſeconds, the equation may be found for any 
given longitude. For example, Let it be required to find 


. the equation of time when the ſun's ginge is 68. 10? 5 | 


302 Anſ. — 11m. 128. 


1 


8. . m. 8. | 2 8. 5 n = 5 
6 10 gives 10 559 As 1:18: 50 30: 15 
611 — 1115 Add 21 10 57 

Dig. YL 18 | True equation i i. 


Tante XII. Contains the equation of time fo the noon of 
every day in the year, p. 21, 22. This Table being calculated 
| the 24 after leap year, the numbers in it are not preciſely 
true for every year; but the error is ſo ſmall that it may be 
neglected where great preciſion is not required + and it is 


CON» 


I 
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convenient to have the equation of time nearly true * in- 
ſpection. 


Tanus XIII. ReduSion of the Ecliptic to the Equator ; of for 
computing the Right Aſcenſion of any Point Y the Ecliptic ; and 
vice verſa, p. 23, 24. 


Tas colures are the only meridians which divide both hs 
equinoctial and ecliptic into equal parts; all the other me- 
ridians divide them unequally. And becauſe the longi- 
tude of any celeſtial object is reckoned on the ecliptic from 


the vernal equinox, in the order of the ſigns, and the right 
aſcenſion is reckoned on the equinoctial from the fame point 


to the meridian, paſſing through the object, and theſe cir- 
cles are inclined to each other in an angle of abont 23% de- 
grees; the longitude and right aſcenſion can never be the 
ſame, except when each of them is o, go, 180, or 270, de- 
grees, They differ in every other point; and their diffe- 


rences are contained in the Table, which are calculated to 


every 30 of longitude, and will ſerve for auy point of * 
ecliptic by making proportion for the odd minutes. 

In the firſt and third quadrants of the ecliptic the num- 
bers in the Table are to be ſubtracted from the longitude, 
and in the ſecond and fourth to be added, for the right aſcen- 
fion 3 which is indicated by their ſigns. 


Tanrzs XIV and XV. The Sur's Longitude and Right 
| Ae on every Day at Noon, P- 2 oF 


Tur conveniency of baving the ſun's longitude and right 


aſcenſion nearly true for the noon of every day in the year, 
inclined me to inſert "theſe Tables. The reaſon why they 
could not be made accurate is, a common year of 365 days 
differs from the time wherein the ſun ſeems to move round 


the 
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the whole ecliptic by almoſt 6 hours, or a day in four years; 
which cauſes a difference in the ſun's longitude at noon on 
the ſame days of different years ; and therefore to have made 
the Tables more perfect, each of them muſt have been calcu. 

lated for four years, which would have taken dp more room 
than was thought proper to beſtow. But although not per- 
fect, they are not uſeleſs ; for the right aſcenſion of any ſtar 
being ſubtracted from the ſun's, taken from the Table, the 
remainder will ſhow the time when that ſtar comes to the me- 
ridian, ſo near as to enable one to find the ſtar in the hea- 
vens, and know it again: and if the right aſcenſion of the 
moon be ſubtracted from the ſun's right aſcenſion, the re- 
mainder will ſhow the time when the moon comes to the me- 
ridian that day, within a few minutes of the truth. Theſe 
things are frequently of uſe in practical aſtronomy. 


TaBLEs of the Moon's Mean Motions, p. 2943. 


Tazst Tables are made in the ſame manner as thoſe of 
the ſun or earth, the moon's period being known : but her 
motions are more in number than thoſe of the earth; for 
beſides her niean longitude and anomaly, the Jongitude of her 
node muſt be known, in order to calculate her place for any 
given time. 

The earth is in one of the foci of the moon's orbit, and is 
the centre of her motion ;. for the moon revolves round the 
earth in the ſame manner as the earth moves round the ſun, 

The moon's period, or the time wherein ſhe moves once 
round the earth, is 27 days 7 hours 43 minutes 5 ſeconds 
and to find the moon's mean motion in a common year of 365 
Gays, the en . 

As the moon's period 27d. 7 h. 43m. 58. 
Is to her whole orbit or 3607 

80 is a common year of 365 days 
Io 13 revolutions, and 48. 9 23“ 5". 
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The 13 revolutions are rejected, and 48. 9 23 5 1 is taken 
for the moon's mean motion in 365 days. 


1 


For the Moon's Mean Motion in one Day. 5 


As the moon's period 25 d. * 43 m. 58. 

Is to the whole circle or 360*; 5 

80 is one day 

To the moon's mean motion in 1 day 13* 10 45" 


Having the moon's mean motion in 1 year and 1 day, the 
Table of her mean longitudes for Julian years is made by 
multiplying the motion for 1 year by 2, 3, 4, Kc. and to 
the 4th add the motion for 1 day, the products are the mean 
longitudes for theſe years: and by multiplying the motion 
for 1 year by the ſeveral numbers of years, and adding the 
motion in i day to every 4th or biſſextile year, the Table 
may be made to any extent. | 


To 8 the M, o0n's Mean Anomaly. 


The 1 moon's apogee moves once round her whole orbit- i in 
8 years 309 days 8 hours 20 minutes; or (adding 2 days for 
| ny years) in 3231 days 8 hours 20 minutes. TN | 
As 3231 d. 8h. 20m. 
Is to the whole = x65 or 360 
So is a common year of 365 days 
To the mo, of the 's apogee in 1 year 40? 39 500. 


ö „ 8 nt 
From the Ys m. mot. in Jon during r year” © ONT 
Subtract che motion of her apogee in ditto — 1 10 39 50 


There remains the Y's mean 3 in 1 year 2 28 23 1 5 


To find the Moon's Mean Anomaly for one Day. 
Divide the motion of her apogee in a year, viz, 400 39 
50“ by 365, and the quotient 6 41" is the motion of the 
moon's apogee for 1 day, 


LI | From 
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From the moon's motion in longitude for I day 13 10 3 5 


Subtract the motion of ber apogee for ditto —Y 4t 


There remains the moon's mean anom. for 1 day 13 3 54 


Having found the moon's mean anomaly for 1 year and 1 


day, the ſeveral mean anomalies in the Table are found in 


the ſame manner as the longitudes, viz. by multiplying the 
mean anomaly for 1 year by 2, 3, 4, &c. and adding the mo- 
tion for 1 day to every ꝗth or biſſextile year. 


To find the Mean Motion of the Moon's Node. 


The moon's node moves backward round her whole orbit 
in 18 years 224 days 5 hours ; therefore, for its motion in 


7 one year, 


As 18 years 224 days 5 hours 

Is to the whole circle or 3600, 

So is a year of 365 days 

To the motion of the Y's node in 1 year 19® 19 47”. 


For the motion of the moon's node in 1 day, divide | 


195 19 43 " by 365, and the quotient, which is , 311% 
is its motion for 1 day. 


The motion of the moon's node for 1 year and 1 day be- 
ing known, its motion for any number of years are found in 
the ſame manner as thoſe of mean longitude and anomaly, 
viz. by multiplying one year's motion by 2, 3, 4, &c. and 
adding the motion of a day to every fourth or biſſextile 
year. | | 


Tanz II. Containing the Moon's Mean Longitude and Has. 
maly, with the Longitude of her Node, for current Years, 
P» 30. 


To make the Table, find, either by calculation or a good 
obſervation, the moon's mean longitude and anomaly, with 
| the 


1 


—_ Sd - yo — 


1 
4 


EXPLANATION: o or Tux TABLES. 259 
the longitude of her node, on the noon of the laſt day of 


December preceding the year, where the Table is to begin, 


which here is the year 1760, and theſe are the mean-places 
for 1761, the firſt in our Table. For 1981, the next year. 
in the Table, take the mean motions for 20 years from 
Table I: and add the longitude and anomaly to thoſe for 
1761, but ſubtract the motion of the node; the reſults are 
the mean places for 1781 chen take the mean motions for 
10 years, and apply them in the ſame manner to the num- 
bers for 178 1, and the mean places for 1791 will be known. 
For the following years the Table is carried on by the 
contlanit addition of the mean longitude and anomaly. for 
1 year, as alſo the motion for 1 day more every ꝗth or 
MERA yawn ſubtraQin g the bn of on node, 
"My 111. og) 3142. contains FR moon's mean nin 
for days. It begins with the mean motions for one day already 
found. Tbeſe being multiplied by every number of days 


from 1 to 365, place the produẽts at the proper den of _ 
ſeveral onthe, > the Ee is d | 


Tarts IV. Contain: the Moan? 5 Mean Motions for Hourr, 
„ and Seconds, P. 43- 


THE numbers are found by dividing the mean motions for 
1 day by 24, the quotients are the mean motions for an hour; 


and theſe again diyided by 60, give the mean motions for 1 


minute, &c. The motions for the different bumþers of hours 


and minutes are found by multiplication, | 


The moon's motions are affected with many inequalities, 
and therefore many equations are neceſſary to reduee her 
mean longitude to the true, p. 44—52. The method of find- 
ing the arguments, of wh out the equations, and applying | 


them, is deſcribed in Prob. XIII. 


: The Tables for finding 4 moon's latitude, parallax, dia- 
meter, 


a 
« — 
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hater; hourly motion in longitude and latitude, at any . 
time, p. 53—60, are ſufficiently Plain from their titles; and 


the method * HPPA them x deſcribed in Beat XIV 


| * 


. eee 5 the Righ A and Dechadtion of the 
M any Planet or Fixed Star, _ Latitude does 
l 6269. 0 


Ts longitude and latitude of the moon, or of: any planet, 
being given, to, find its right aſcenſion and declination, is a 
problem of conſiderable length when ſolved by ſpherical tri. 
gonometry. The Tables ſerye to ſhorten the operation x 
and the numbers in them being applied according to the di- 
rections given in Prob. XX. the right aſcenſion and declina, 
tion are found with little eule in compypilga of any- other 
method. 

The Tables, p· 2324: nals the Gicrvre be | 
the longitude and right aſcenſion of any point of the eclip 
tie; but the Tables, p. 6267. contain the difference be: 


tween the longitude and right aſcenſion of points at ſome 


diſtance from the ecliptic, whereby the right aſcenſion of 
any planet within 6* of the ecliptic may be found. The ſame 
is true 1 the Table, p. 17. 5 5 with thoſe in p. 68— 


Theſe Tables are of great uſe ; for neither the time when 


| 4 planet is on the meridian, nor = its riſing or ſetting, can 


be found without knowing its right aſcenſion and Gechpation, 
pee Prob. XXV. i 


2 T the Mean Motion, of the Moog from 1 the Syn, 
P- 70, 71+ 


Tur moon? s mean motion in a common year of 36 5 days 
is 


po 


9 — — 2 Ss <w—_ an 
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4% 99 23' 5" over and. above 13 revolutions; and the fun'y 
apparent mean motion in the ſame time is 118. 2g* 49.407; 
1 h mt 


"Prom © 25519 4 9 23 5 
Subtracc Ie — 45 42. 


The remainder | 4 9 37 25 is had moon's mean 
motion from the ſun in a common year, | 

In the ſame manner, the moon's mean motion nenn the 

ſun may be found for a day, an 1880 or for any AYE or 


parts of theſe. 


Having the moon's mean motion from the ſun in à yer 
and a day, it may be found for any number of years by mul- 
tiplication; remembering to add the motion or one day to 
Py four years motion for leap v6; (# 

To make a Table of the moon's mean motion from the 


| fun for current years of the Chriſtian ra, ſubtrat the ſun's | 


mean longitude from the moon's for every year which the 
Table is to contain; and the remainders will be the numbers 
expreſſing the moon's mean motion from the ſun ; as in the 
Table, p. 70. | 

The Table for months is made by ſubtraing the ſun's 
mean longitude from the moon's on the laſt day of the pre- 
ceding month ; and the- remainder is the moon's mean mo- 
tion from the ſun on the firſt day of the following month. 
The Tables for days, hours, minutes, and ſeconds, are made 
in the ſame manner; and the method of uſing theſe „ 
is deſeribed i in N XXX. | 


TABLE f Mean New Moons in March, with the Mean 4 
malies of the Sun and Moon.; and the Sun's Mean Diſtance 
from the Moon's Node, p. 121, &c. | 
To make Table 1. Calculate the time of mean new moon 
in March, for the year with which the Table is to begin, 


by 
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by the rule, p. 1 99. or by any other wetheT's ' Calculate alſo 
the fun and moon's mean anomalies for that time, and the 


ſun's mean diſtance from the moon's node, from the Tables 


of mean motion, and write them down in order. 
For the following years. If the new moon falls after the 


Iith day of March, add 12 lunations to the time for the for- 


mer year; and if the next is a common year, ſubtract 365 
days from the ſum; the remainder is the time of mean new 
moon in March the next year; but if the next be a leap 
year, ſubtract 366 days. If the mean new moon falls before 
the 11th of March, add 13: mean lunations, and ſubtract 36 5 
or 366. days from the ſum, COS as che next is a com: 


mon or biſſextile year. 


Calculate alſo the ſun and moon's mean 3 "with 
the ſun's\mean diſtance from the moon's node, for 12 qr 13 
hanations, and add them to thoſe of the former year; and 
the numbers for the ſecond year in the Table will be known, 


Proceed i in the ſame manner for every e year until 


the Table is completed, 


Tabrs II. Contains 131 Mean Lunations, with the Anomalies, © 


and the Sun's Mean Diflance from the Moon's Node. 


Tus numbers are computed from the Tables of mean mox4 


tion thus: Take the mean anomalies of the ſun and moon 


out of the Tables for 29 days 12 hours 44m, 38. ; take als 
fo the mean motion of the ſun, and of the moon's node, out 
of their proper Tables for the ſame time; their ſum is the 
ſun's mean diſtance from the moon's node. Having found 
the numbers for one lunation, multiply them by 2, 3, 4, &c. 
until there are 13 products, and divide the numbers for one 
lunation by 2 for the half lunation. 

By theſe Tables the times of mean ne for any month 
of a given year, within the limits of Table x, may be found, 


* wes we cz % 
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The Tables of equations for reducing the mean to the 
true times of new and full moons, in the following pages, de- 
pend on the mean anomalies of the ſun and moon, with the 
ſun's mean diſtance from the moon's node, and are expreſſed 


in time for the conveniency of calculation. The 2 ok 


applying them is given in Problem ä | 


8 


TABLES of the Mean Motions of the Planets Mereary,  Penusy 
&c. with the Logarithms of their Diſtances from the Sun, 
and of their 2 equations, p-. 72—120. 


Tarsr Tables are conſtructed much in the ſame manner 
as thoſe of the ſun and moon, with this difference, that the 
mean anomaly of the planets are left out, and only the meun 
longitude of the planet, of its apogee, and node, are inſerted. 
The mean anomaly of any planet is found by ſubtracting the 
longitude of its apogee from that of the planet. 

The uſe of the Tables of each planet, both of mean mo- 
tions and equations, is clearly explained in Problem XXI. 
whereby their longitudes and latitudes for any given time 
and place may be found. 


Conftrutiio and U, 72 of Logiſlical Logaruhms, p. 128. 


- Loc1sricar Logarithms are artificial numbers deduced 
from common logarithms, and made for minutes and ſeconds 
either of degrees or time, uſed in working proportions 
wherein ſome or all of the given terms are ſexageſimals. 

The numbers which compoſe the Table of logiſtical loga- 
rithms are regulated by its extent. For if the Table con- 
tains no more than the minutes and ſeconds in 1, or 3690” 
the logiſtical logarithm of 1“ is the logarithm of 3600”, viz, 
3-5563; and all the following numbers are the differences be- 


tween 3.5 563 and the e of the ſeveral numbers of 


ſeconds 


— 
mn. 
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ſeconds from 1 to 36co”. Therefore to calculate the logif. 
tical logarithm of any quantity leſs than 15, ſubtra& 401 lo- 
garithin of the given number of ſeconds from 3; $5633 the 
TO | 1s the ei logarithm n 


Ex N. La} J be required to find the logiſtiea logarithm 
of 705 or 600 


Rl common log. of 3600 = 3.5563 
| Subtract the common log. of .600 = 2. 7781 


T tere remains the logiſtical log. of 10 = 0.7782 

But if the Table is to contain more than 1“, ſuch as in 
Mr Maſkelyne's Proportional Logarithms, which extends to 
3, or 10800” ; then, in ſuch a Table, the proportional or 
logiſtical logarithm of 1“ is the logarithm of 10800, viz. 
4.0334; and all the reſt are the differences between 4.0334 
and the logarithms of the ſeveral numbers of ſeconds from 1 
to 10800 A 


Exan. Let i it be prom to find the logilliea or propor- 
tional log. of 100 or 600" 


From the log. of - - _ 15800 = wy 0334 
Subtract the log. of . — 600 = 4.74 


Remains the prop. he of - 10 1.2553 


Hence there may be as many different ſyſtems of logiſtical 


er proportional logarithms as any one chooſes to aſſume dif. 
ferent extents of the Table. Our Table extends only from 

1 to 1®, which is ſufficient for common uſe, Logiſtical lo- 

A. conſiſt of four figures beſides the index. 

The numbers on the "Du of the Table are either degrees of 

minutes; and thoſe in the left hand colunm, on the fide, are 


minutes or ſeconds : but if the numbers on the head he hours 


or minutes, thoſe in the left hand column, on the fide, will 
be minutes or ſeconds of time. Therefore theſe numbers 
change their denomination as occaſion requires, The ſecond 


bus 


. 
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line on che head of the Table are the numbers 2 ſaoade 
the minutes which ſtand over them. cl 

To take the logiſtical logarithm af any ame of 3 
and ſeconds out of the Table, the given n nde withs 
in the limits of the Tablee. 5 ba 

Find the minutes on the head of the Fable, = Lake fe» 
conds in the leſt hand column on the ſide, and under the 
minutes and dg to yer b Yrs * fly e wy 
garithm required. 


$ 7 4 
$5.4 8111934 


| | Exanerrg. Ke Gy 23 
| 14s IV 4 Salt © | | * n 32 
2 numbers 0 40 La log. x. 9542 4 127-1 
1 10 W 
40 mas * 91 8935 
1 ur 3 
50 b AT, 792 
30 37 | 739 
A logiſtical . being gives to find thy e of 
minutes and feconds anſwering. | 


If the given logarithm be found in che Table, FR! minutes 
ae on the head of the column and the ſeconds on the fide ; 
but if it be not found exactly in the Table, take the next 
greater than it, and the minutes and ſeconds anſwering are 
found on the head and fide of the Table, as before. 


/Exanyues | 
L. Log: | | n 
| m. 8. 
1.7112 1 10 
9823 6 15 
6746 „ | # > a 
$175 18 13 


When the logiſtical logarithm of any vumber leſs than 
3600 is required, find it, or the neareſt leſs, in the ſecond line 
on the head of the Table ; and below the number on the 

M m head, 
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| head, and oppoſite to its exceſs on the ſide, ſtands the logiſtical 

logarithm. Thus the logiſtical logarithm of 1276 is 450 ß. 
© Logiſtical logarithms are uſed in finding a fourth propor- 
tional, when ſome, or all of the given terms, are minutes 
and ſeconds either of motion or time; and the method of 
operation is the ſame as in working with common -loga. 
rithms, that is, by adding the logarithms of the ſecond and 

third terms, and ſubtracting the logarithm of the firſt term 


from the ſum, the remainder is the logarithm of the fourth 
term, or anſwer. 


Exam. 1. Suppoſe the ſun's hourly motion was 2' 27”, and 
it were required to find his motion in Ae 1086.2 The an- 


ſwer is 1 55 ge os }il 4253s 
91 1 
Ry As "v5 3 
| TO 259" 13890 
I Im. 108. 1035 


To 1055“ 14935 


10 28 l the hourly motion of the moon from the ſun 
is 32 8”, and the moon is 58 12“ behind the ſun: In what 
time will the moon overtake the ſun? Anſ. 1 h. 48 m. 40s. 
VM. B. In ſuch queſtions, when the fourth proportional 
would exceed 60m. which is beyond the limit of the Table, 


take 5, 4, or 3, of the third _ and multiply the fourth 
term, when found, by 2, 3, or 4. 


As 32 8" 2712 
To 60m. 0 
80 297 60 31743 
5 n 431 
2 
Doubled is 1h. 48 m. 40s. the andere. 


In like manner, when two of the given terms exceed the 
limits of the Table, divide all the terms by ſome number, ſuch 


as 2, 3, or 4, and multiply the anſwer bo the ſame Hauer 
_ which —— ans n terms. 


ten. | 
4 


Suppoſe 
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Half of each term. 
Suppoſe we have," © n... 
As 76 1 ; 38174 1951 
Is to 24h. 12h. ones." 
$0 is 64' 20” 27 10% 14 2707 5 


To 20 h. 1om. nearly Wiemers 9 9697 


 Doubled i. 10m. 746 


FUSE 7 the R 2 70 the bn p. 142. 143. 


THESE Tables are e e Fa W for ww 
titude 56? N. and for every 10 minutes of declination from 
o to 26? 5o' or very near 27%, and ſerve to find the apparent 
time of the riſing or ſetting of the ſun, or of any * its 
declination being leſs than 27 degrees. 

The degrees of declination are marked in the left hand co- 
lumn on the ſide, and the minutes from the left towards the 
right hand on the head of the Table, proceeding from o to 
10˙, 20', 30, 40, 50, which is exact enough for common uſe; 
for in this latitude a difference of 10! of declination. gives 
only about x minute difference of time in the ſemizo&urnal 
arc; the declination being below 17*; and even when the 
declination is 270, the difference does not amount to 2 mi- 
nutes of time. 

In calculating the Table the horizontal h 33“ was 
taken into the account, that the Table might exhibit the ap- 
parent time when the centre of the ſun, or of any ſtar, is at 
the true horizon. 


To find the Time of Sun-riſing any given Day b; by the Table. 
Coururs the ſun's declination at the eſtimate time of .ri- 
ſing, and enter the Table with the degrees of declination 
on the ſide, 'and the minutes on the head; and oppoſite to 
the degrees, and below the minutes, ſtands the apparent time 
of ſun· riſing, reckoned from the preceding, midnight. 
| | Exam. 
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Exan. 1. What time does the ſun riſe Feb. 14th, 1797, | 
in latitude 56* N. ? Anſ. 7h. 14m. 408. 

'The eſtimate time of ſun-rifing, Feb. 14th, i is about 71 
in the morni The ſun's wan then is about 125 50 
fouth. _ ; 2 

And oppoſite to 127, a below 50“, ſtands 7h. 14 m. 403. 
the time or ſun- riſing. — 


To * the T ime of Sun. ſetting « any given 1 by the Table. 


| CaicyLarsy the ſun's deelination for the eſtimate time of 
his ſetting, and find the time ot ſun - riſing when he hath that 
deelination; ſubtraQ this time from 12 hours, and 1 re- 
mainder i is the time of ſun- ſettin g. | 


Fd. It is required to find the time of Cun-ſetting r4th 
February, 1796, at noms; hut 56˙ N.? Anſ. Ah. 
46m. 2586. 4 

The eſtimate time of 88 is about 55 afternoon. 
At that time the ſun's declination is 12® 40' 8. ; when the 
fun hath this E 25 nies at oy: 13m. 355. in Ls 


MOFRINg. 


1+ n 14 10 | . m. 8. 
| "Frans. „ i 41G of vue-7 10:83:10: @ 
a Fra; un 1 716 BS: 

Sun jets * - T2 | 4 46 25 | 


To fd the Time of the Rifng or Setting of any Planet or Pix. 


ed Sar, whoſe Declination is leſs than 2), in the e Latitude 
of 56? N. by the Table. 


CalcuLate the time when the planet or ſtar is on the 
meridian by Problem XXIV.; and then enter the Table 
with the declination of the planet or ſtay, and take its ſemi- 
necturnal arch; ſubtra& this from 12 hours, and the remain- 
der is its ſemidiurnal arch ; which being applied to the time 
when the planet or ſtar is on the meridian, the time of its ri- 
fing or ſetting will be known. | 
| ASTRONOMICAL 
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TABLE. Containing the Latirypzs and Tönen of ſome” 
famous Cities and Places, with the Dirrezzncs or Tims be- 


tween their (oye and that of Greenwich, 


is > y 
4 4 — 


— 11 
Wr 


Po 


. 
L 
363 ; 5 


. es 10 Places, L | 122 4 Vilf-g — 1 
7 17 . FN h. h. WW. | 
Aberdeen. Scotland 57. 9 of 2.6 15 2 8 254 
Abo Sweden 60 27 10 N 8 6 30 E 1 12 26— 
Aleppo Syria 35 45 ON 37 25 OE 2 29 40— 
Algiers Africa 436 49 30 N. 2 12 45 Eo 8 51— 
Ame Holland 5a 22 45 NI 4 45 30 E 0 19 2— 
rel. E | 
[Antwerp etherla. 51 13 15 NI 4:22 30 E Oo 1 —| 
Athens Greece 38 5 oN * 30 K ps 
Bantam «+ Ifle Java 6 15 0 $[106:25. o E 
Barcelona Spain 41 26 ON. 2 18 OE 
Bengal: India 22 o NU 92 45 O E 
Bergen 4 ec 60 tro NH 6 14 E 
Berlin Germany5 2 32 30 NI 13 26 OE 
Bermuda iſles 14 32 35 ON 63 32 oW 
Boſton America 42 25 ON 50 35 OW 
Botany Bay New Hol. 34 © 9 851 28 o Eli 
Breſt France 48 23 0 4 30 OW 
Dridgetown Barbadoesi3 0 oN| 59 50 OW 
Briſtol - England 51 28 O N 2 30 OW 
di: Spain 36 33 30 N 6 7 O 
b nod ads 30 2 $0 31 26 go 
Canton > Cline + 27 8 o Nfz 2 :o:£ 
xe ming | Africa 33 55 158] 18 29 oE 
nftanti- | 
— rut 41 © oN 28 53 oE 8 
Copenhagen * 55 40 45 N 12 44 15 Ef 0 50 57 
antzic Poland [54 22 ON 18 36 30 E rt 14 26— 
over England 51 7 ON i 19 OE o 5 16— 
ublin Ireland 53 12 © 6 55 OW. © 27 40+ 
Dundee 56 26 © 2 48 oWlo 11 12+] 


Scotland 
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— of Places. DALY FFF 1 Longitude. 4 Diff. of time. 
ee r ba FS". tos Th m, "| 
Edinburgh Scotland |55 58 oN 6 15W| o 12 254 
Ile Ferro Canaries 27 48 .0.N}-18 6 oWf 1-12. 24+ 
(Gibraltar | Spain 36 5 0 4 46 oW[o 19 4+ 
[Glaſgow Scotland 35 52 oN 4 5 OW o 16 20+ 
Gottenburg Sweden 57 42 oN 115 22 4 E O 45 31— 
Jane England 5128 30 N o e 0 0 
fax America 44 46 ON 63; 0 OW 4 13 204 
Hamburgh Germany 53 4 o N. 101 38 0 E Oo 42 32— 
ve - Scotland 57) 33 © N| 4 2 OW o 16 84] 
. Perſia 32 25 O NI 52 55 O E 3 31 40 
— — — —— 
Jeruſalem + Holy L. 431 55% o N| 35 20 O E] 2 21 20 
Lizard England 49 7 ON 5 21 OW © 21 244 
11 e > 1122 18 4 N05 46 E 7 35 4— 
adrid-- - ain = 0 3 45 30 W Oo 15 24 
Moſcow- Ruſſia | 55 20 N 37 45 15 E 2 31 2— 
' + Italy 40 274 45 N 14 12 45 E. 56 5 
orth Cape Lapland 72 10 0 N. 25 55 OE 1 43 40 
eee barer 48 50 14 N 2 19 87 o 9 16— 
| Wed fx 59 56 ON 30 18-15 E 2 1 13— 
Philadelphia — 39 57 ON 75 18 OW 5 1 124 
Quebec America 46 55 o NI 69 54 OW 4 39 364 
kin China 39 55 16 N16 21 30 E 7 45 2 
Italy 41 53 54 N 12 27-35 E 0 49 49— 
India 14 18 » We 49 0% 6 43 16— 
Smyrna 2 38 28 7 N 27 18 45 Fl 1 49 15— 
Stockholm Sweden {59 22 ON 18 12 O E 1 12 48 
Venice Italy 45 27 3 12 19 O ET o 49 16— 
Vienna Germany 48 11 20 N 16 3 0 H 5 32— 
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TABLES oF 'THE,, 9UN's MEAN MOTIONS 


— — 


II. 7 he Sun's Mean 1 — and Anomaly, 
in Julian Y, aur. 14.» 


II. The Preceſſon 97 


— ee 
Years. , M. N b NMI. 1. Ae | Xi | 
e 9 PR 02 SIS 
21 | 11 29 45 49 [1129044 35% % f 
211 29 31 21 11 29029 94? 0 41 4ann 1}. 
3 |. 11 29 17 211 29 13 444 © 231.8 
B 4 O I 11 290% 7 % 3 %% 
5 | 11 29 47, 32 [81029942 20 4 ih 
— ä — | — — . 
611 29 33 13 112925 37 % -9 05) @b1 
7 11 29 18 54 1 2 U 12% 5 64 
B 8 O 3 43 | 11:29954,55 o 6 4 
911 29 49 231129 39 29% % 7 33-1: 
10 11 2 35 of | 115 2 24 4. + 40 8 2345, 
2 7 e 
11 11 2 29 20 4 45 5865 29 8 39 0 9 135 
B 12 O 5 34 11 29 52 22 0-10 4% 
1311 29 51 15 125 29 36 $7 + 0 1% f 
1411 29 36 55 | 11 29, 21,31, „ 41 $49 
45 | 11 29 22 36 16.26 6 56 20 42 9575 
2 bes —_—_ 1 », 7 2 2 A 
B 16 o 0 7 35 11 29.49 49]. 0. 13 23.0 ——} 
"#7 [11 29 53 '6 [11 29 34 24] j BY | 
is 11 29 38 47 | 11:29 18 59] 15 -673 | 
19 11 29 24 27 11 29 3 33 45 55.5 
B 20 O 0 91711 29 47 17 o 36 477 | 
B 40 0 0 18 93 | 11:29 34 33 33334 
B 60] o o 27 $6 11 29 21 0% 20150 20; | 
B. 80 OO 0 39 6 ar 29) 9 6 1 77 8 
B 100 O o 46 2311 28 56 23 1 23 $5 | 
B 200 O 1 32 46 11 2) 52 46] 247 50 
|n_u__ py — , TTIIE TAIT 
B 300 ][ O 2 19 9g þ11:26 49 9 411 45 
B 40 % O 3 5 32 11 25 45 32.] $35 40 
Bgoo| o 3 51 L 24 41 gs | © 59 3s 
\ 


—— — — — — er" gang . 


_ = - < _ = —— — — — — n 

=> — — — * — — — — — — 5 7 by „ — 

. r — W 106 „ A * N r * D * « 
. R - — N 2 þ 8 - N 4 N * — 222 en Na * = — f - 
3 „ R eee "Lp; 5 A Wie 8 —— un ceo CES — 

* — REST —— — - 
e 8 — — — — — - - » Bn _—_ - — — 
5 N — — 2 2 2 * *. i es; 4 I 
. 7 <A > — —— r — 
: ” 


— — 


. CUBES 


— 
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— — 
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| f II. Sun's Mean L and Anomaly 3 . 
in Years current. Obliquity 7 the 
| | eee Ecliptic 1ft January. 
Years. N M. Longitude. MM. Anomaly. 
A. D. 8. „ " „ 3 i 
1761.[9 10 20 51 | 6 1 31 11 23 28 - 16. 
1781 | 9 10 30 7 6 148 27 23 28 9 
17919 10 5 126 0:42, 32 23 27 50 
B 1792 9 10 50 16 1 26 15 23 27 48 
22 [2 10. 35 47 1:6 1 10 49 | 23 27 47 
1594 9 10 21 226 o 55 24 23 27 48 
| 3 2795 9 10-9. 3 flo 59 23 127; 750 
B 1796 9 10 51 52 6 1 23 42 23 27 5 
1797 9 10 ½ 33 C6 1 8 17] 23 27 4 
1798 | 9 10 23 136 o 52 61 24 27 5 Þþ 
1799 9 0 8 54 6 0 37 20 F. 23.27. $6: | 
18009 9 54 35 6 022 '1|Þ 23 280 
18019 9 40 16 6 o 6 36 23 28 1 
1802 9 9 25 565 29 51 10 F 
1803 9 911 37 529 35 45 | 23 28 © | 
' Bidog 9.956 26 [6 o 19 28 23 275 8 
18 9 942.616 0.4 2| 23 27 335 
18:6 9 9 27 485 29 48 38 | 23 27 51 
|, 2807. 19. gq 13 20 | £29 33.13 | 23 27 48 
51306 |9 958.17|5 01648| 23 27 44 | 
1809 9 9 43 576 .0,1 31 r 48 $7, 42: | 
18109 9 29 375 29,45 57 |, 23 27 40 
18119 9 15 17 [5 29 30 32 23 27 39 | 
B 1812 | 9 10 © 546 © 14 15 33 27 3908 
1813 2 9.41 45 | 5 29 58 49 | 23 27 40 
1814 | 9. 9 3125 | 5 29 43 26 23 27 41 
18189 917 56 2927 38 23 27 43 
B 1816 9 10 1 536 O 11 41 23 27 46 
18179 9 47 33 [5 29 56%] 23 27 48 
1818 [ 9 33 13| 29 49 50 23 27 50 
18199 9 18 53 5 29 25 24 3 
B 18209 10 3 46 o 9 7 23 27 52 
18219 9 49 22] 5 29 55 42 23 27 57 
184119 958 3915 29 42 59| 323 27 59 
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TABLE IV. The Sun's Mzan Loncritors and Anouarr for 


Movrhs and Dars. 


ä 


time. 


January. & February. 
Longitude. | _ Aromaly. 2 Longitude. | Anomaly. 
h [ r ; ER KS o 3 
2 59 80 111 1 32 27/1 1 3 
1 58 170 2 2 31 35 t 2.31 
2 57 25 z]t 3 30 43] 3 30 
56 33Þ 41 4 29 52% 4 29 
4 55 42 Sit $5.29. oft 5 28 
5 54 5 i 6ic 6 28 $jt 6 28 
7% 6 53 580 71 7 27 17]. 7 27 
D. 743 3 8ſt 8 26 25/f 8 26 
do 8 52 1500 git 9 25 33] 9 25 
iolo 9 FI 2300 10ſt 10 24 42ʃT 10 24 
110 10 FO 320 10 50 30 111 11 23 goff It 23 
120 11 49 40% 11 49 38 1241 12 22 58/1 12 
130 12 48 4800 12 48 46 1301 13 22 7. 13 
13 47 57 13 47 54 [14]1 14 21 15/1 14 
14 47 P 14 47 2 1501 15 29 23jt 15 
15 46 13] 15 46 10 1601 16 19 31ſt 16 
16 45 220 16 45 19 4700 17 18 40/1 17 
17 44 300 17 44 27] 480 18 17 48/1 18 
18 43 3800 18 43 35 191 19 16 561 19 
19 42 47 19 42 43 291 20 16 5/T 20 
20 41 550 20 41 51 21]r 21 15 13] 21 
21 41 3Þ 21 40 59 22/1 22 14 211 22 
22 40 I2Þ-22 40 23/1 23 13 Zo 23 
23 39 200 23 39 1 2401 24 12 3811 24 
24 38 20% 24 38 23 251 25 11 4601 25 
25 37 370 25 37 32 26/1 26 10 55ſt 26 10 45 
26 36 450 26 36 4 27/1 29 10 31 27 9 $52 
27 35 5300 27 35 48 2511 28 9 1111 28 9 ©. 
28 35 200 28 34 5 In the months January an 
29 34. 10% 29 24 February of biſſextile years 
——— fake away one day from th 


| 
4 
| | 
' 


— * 8 — 
* . —˙ 8 — 


1 re 
3 fs e 7 
be | Longitule. | Anomaly. | - * Longitude. Anomaly. 
8 8. © 1 ge Fg: of wy | 8 8. © £3 4 
1% 29 8 20% 29 8 gf | 1]2 29 41 3802 29 41 22 | 
22 0 7 282 0 7 17 23 © 40 463 © 40 3 | 
3. 1 6362 1 625 | 313 1 39 5513 1 39 3 | 
147, .2 5 45272. 5 84 143 2 39 33 2 38 46- 
512. 3, 4 55. 3 444 56 338 116 3 37 54 
#277 K , Nr ware; , eee eee, 
612. 4 4 1% 4 3 40 | 63 4 37 203 437 3 
J 5 3 roſs 5 2 68 73 5 36 2803 5 36 71 
802 6 2 1802 6 2 6 83 6 35 3613 6 35 18 
9g 7. 1.262 7 1 14 983 7 34 453 7 34 27 | 
1012, 8 0352 8 o 22) 103 8 33 5313 8 33 35 
r iſe 8 59 4% 859 gol [ti]; 9 33 186 9 32 43 
122 9 58 57/2 9 58 38 123 10 32 103 10 31 52 
13]2 10 58 c 10 57 47] 136 11 31 183 11 30 59 
14% 11 57 Bz 11 56 55] 146 12 30 263 12 30 7 
| t 512 12 56 16]2 12 3 153 13 29 353 13 29 16 
— — —— — — | — — 
16½ 13 55 25]2 13 55 11] (63 14 28 4363 14 28 24 
(7/2 14 54 33]2 14 54 1 173 T5 27 $113 15 27 32 
1812 15 53 41/2 15 53 27 18/3 16 27 003 16 26 40 
190 16 52 50 16 52 36 193 17 26 83 17 25 48 
2E 17 51 $812 17 51 44 203 18 25 1683 18 24 5 
—— —— — 
210 18 51 612 18 50 51 2103 19 24 253 19 24 5 
222 19 50 15/2 19 50 © 223 20 23 3303 20 23 13 
2302 20 49 23/2 20 49 8 233 21 22 4103 21 22 21 
2402 21 48 31/2 21 48 16 243 22 21 5003 22 21 29 
18 * 22 47 402 22 47 25 253 23 20 5883 22 20 37 
262 23 46 48j2 23 46 33 26/3 24 20 633 24 19 45 
2) 24 45 562 24 45 4% 276 25 19 16 25 18 54 
28% 25 45 512 25 44 5 28]3 26 18 2303 26 18 2 
290 26 44 132 26 43 57] 296 27 17 316 27 17 
3012/27, 43 21/2 27 43 5 3003 28 16 4003 28 16 1 
3102 28 42 30!2 28 42 I | | 


1 


5 The Sun's MEA Loworrone and Anowarr for Monrns and 
Durs. 
15 TEEN 
7 Longitude. 5 Les | Þ Longitude. ; Anomaly. | 
60 EL 7 80 N FE. © 5 18. © on 
4 13 29 15 483 29 15 26] | 314 29 49 29 48 39 
. 24 © 14 34] o 48 1515 047 47 
[4 1 4 1 13 43 315 1 47 235 1 46 55 
44 2 51 als 2 46 3ils 2 46 3 
54 3 3 11 58 55 3 45 3 45 12 
— - — —— — — — — 
i 4 11 30% 4 11 F 4 44 486 4 44 
14 5 10 304 5 10 15 715 $5 43 5656 5 43 
4 6 9.464 6 923] | 85 6 43 56 6 42 
4 7 3594 7 J 7 42 135 7 41 
104 8 8 105 8 41 2115 8 40 
1144 9 * 4 116 9 40 305 9 40 1 
124 10 00 5 125 10 39 3815 10 39 
1304 11 135 T1 38 405 11 38 1 
1444 12 14% 12 37 555 12 37 2 
154 13 186 13 37 36 13 36 3 
1614 14 2 1615 14 36 115 14 35 41 
1714+ 15 2 175 15 35 205 15 34 5 
5 184 16 1 1805 16 34 2865 16 33 5 
3 1904 17 © 1915 17 33 3656 17 33 
; 204 17 59 2 2005 18 32 4515 18 32 1 
7 2114 18 58 3 2415 19 31 $315 19 31 32 | 
4 224 19 57 4 225 20 31 15 20 30 | 
5 2304 20 56 5114 20 56 25 235 21 30 105 21 29 83 
al 2414 21 56 2415 22 29 185 22 28 4 
k 2514 22 55 dq 22 54 4 |25]5 23 28 266 23 27 5 
— — — — — — — 
; 2614 23 54 16 23 53 5ol 26 24 27 36 24 27 3 
27]4 24 53 25/4 24 52 5 27]5 25 26 43/5 25 26 11 
2814 25 52 334 25 52 285 26 25 5115 26 25 1 
15 2914 26 51 41 295 27 24 595 27 24 2 
3004 27 50 5 30 28 24 B85 28 23 35 
[3115 28 49 58'4 28 49 31 
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7 
1 
F 
1 
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The Sau's Meat Loverrups and Avon art for Movirah and 


2 
4 
1 
1 
4 
N 
k 1 
1 
= 
1 
+F ! 
Se” 
* 
1 
117 1 
. 1 
. o . 
? 
1 
1 : 
15 
co 
- 
= 
FT: 
1 
3 , 
in: 
8 4 
Fo i: * 
11 
1 
1 
£5 
17 id 
171 * 
11 
1 
br 
f i 
5 F - 
ks 
+> 
* 
* 
1 
16 
11 
1. 
2 
3 11 
4 
F- 
> 
$4 ' 
1 
. 
1 
* 
* 
a 
$51 
| ; 
: þ 
14 


Dare. 

| a July. — Jr: Y Auguſt. | } 
FE | Longirnde. |. Anomaly. | iP | Longieuae, } Anomaly, | 
| [5977 þ © „ „ | g, 0 „ „s. o "7 nh 
ß 29 23 166 29 22 43] | 16:29 36 346 29 55 55 
266 © 22 245 © 21 510 7 +0 35 441: 0255+ 4 
36 1 21 330 1 21 of [| 37 1 54 5117" 1 54 12 
4% 2 20 giÞ 2 20 8 4% 2 53 597 2 55 20 
56 3 19 49 15 29 Wil 700) 2 13 753 4+ $7 13752 oy 
J 6% 52 1% 4 51 37] 

77 51 247 5 50 44 

87 6 50 337% 6 49 54 


97 7 49 4½ 7 49 I 
31 8 48 9% 8348.9 


197 17 41 4% 1/ 40 22 
2017 18 40 13% 181 39 31 


21% 19 9 21% 19 3839 


26% 24 35 3% 24 34 20 


277 25 34 117 25 33 28 
280% 26 33 19% 26 32 36 
297 27 32 267 2) 31 44 


3007 28 31 3607 28 30 52 


37 29 30 447 29 30 


„ „ * — - r 


L x } 


4 _ Sun's Mau nen and AvOMALY for Mowrns 2. | 
Dars. 


Tick September. 
Tongien ie. | Anomaly. 


6. 0 a 3 iT 
118 05 29,538 ;9 #9 3 
8. 1,29, 48 128 i]. || 
18 2 8 | 8 Ts 
58. 2.28, g8 2 27 25. || 
46. 3. 27,188 3 26 33], 
8. 5. 5 74 49 

8. 6. 6 23 58]. 

8 7.23, 518 .7 23 6| 
8. 8 22 598 8 22 14 
18. 9 22 88 9 21 22 


8 10 21 168 10 20 300 
8 11 20 248 11 1 
138 12 19 338 12 18 4 
—4 13 18 418 13 17 55 


A 


15 14 2 49 Mt 171 

| 
al | 
I 
7 
4] 
i] 
cl Po 
pl 49 |, 1-39 5 a 48 5 
4 5 f29p 27 39,50 5 385 
7 hs; 69 9 28 Vcc 4, 25 
Ml III < nk. e 3d 1 1319 29 37 20 


11 n — 
— — — wt wed 


The Sun's Mzan Longaigurs and Axountr for Mourne 


Te ] 


Durs. 


— 


and 


— 


— 


—— we 


— 


pwn mOQ.0 


9 


810 7 31 1910 


10 8 30 2/10 
e bee 


— 
. El 
2 - 
nd 
| 
*l 
| * 


29 309 
9 28 3 


10 
10 
10 
10 
| 


10 11 27 52 
10 12 27 1 
10 13 26 9 
IO 14 25 17 


—— — — 


10 27 4jt1 
11 26 35/1 
12 26 40301 
13 25 120 


14 24 19 


les 


10 15 24 26|t0 
10 16 23 34 
10 * 22 42110 
10 

— 


10 


10 


19 


15 23 28016011 1, 
16 22 3607/1 15 
17 21 447841 
20 $2||rg]ti 7 
20 Cc|[2 


18 


+ * 


10 18 21 50 

10 20 20 710 
10 
10 
10 
10 
th 


3 


24 15 41 


20 
21 
22 
23 


19 8 
18 17 
17 25 
16 33 


10 
14 570 
14 610 

Picks 
© 


- —- 8 
— * 3 ** 
C *. 0 


26 13 37 


— mom 


Ci 
* 7 1 * * ; i 
% 5 * 
; TE * 1 . 
«ad * 8 


IK2K2„56—⁊ß•Ṽ j 4ꝙv . 2 — -m ˙ 9 LEED + 


25 14 49 


56 1344 


December. 


Longitude. | Anomaly, | 


9 , 


. — 


11 


11 
1511 


11 


— 


{ ORF 
11 2 
11 
11 


26611 20 52 22 


f 23 49 46 


— 


® 
— 
— 
— 


— 


A 


þ 


17 


20 
aa 
2e 


. 
* I * 
% 


O o 


| 


8 þÞ in O\ 


+ w ND 
22282 


10 1 
1 
1 Q 9 
12 59 16 
13 58 24 
14 57 33] 
15 56 4) 
16 55 4% 
17 54 57 
18 54 5 


11 19 33 13 


GUY 
Q-& 


11 21 51 29 
it 22 50 37 


2 —— 


I 


11 


* 


1 


24 48 54 
25 48 2 
20 47 11 
27 46 18 
28 45,26 


— 


111 29.45.4111, 29 44 35] | 


n. 


T4 


4 TABLE v. Of the Sox's TABIE VI. Of Mean Re- 
4 | 


Mz an LonG1TUDE * : * FRACTIONS. 
NOMALT ay © mga a] 5 - >l. 12 Ta 
>} *r, and 9 ; 8 gel ac. facfrac * Reins: 
4 — „FPR T.- tens. 
— Ta T Hr 2 4 E 5 * of 
; hn mw in 0 f ol * ö A- ph 146 J—] 4 
7 V5 9 1 e, who 1 4 45 E 
; — — Dirk e nd -y 3800 0 33 
Oo | 4 17 rolls [ 16 23| bo 70657 1 3 06x D 32 5 
q 27 25 abode e ng BL 28063] © 29 | 
| 4] . 223417 23 174 Ar 31034 1 24464] 0:2 | 
v1] N. 125 9 K 2 — 4 6 + gre i 2165} 0 2 
I rao. Os eckt 28. 42 | 5} 9 54135] 1 2105 J 2 
6114 47 203001 wr 668 28136] x 1866 0 25 
9 % 1% $9030: 3) 280 | 20% 1 26067) 5:24 
7 % 42 d. 33 60% 4 5 307 16 o 23 | 
4 WL 4 57 
—— | BH | ol c 1rl,ol 870 
2 1% 5, Mitts 45 „% 4 ae e 1 
8 12429 34 3 4 g * 57 12] 4 2381 1 372] 4 | 
60 Sin 19 5 5 t 48 25 13] 4 . 2 X. 1 0 1 | 
| 14 14! 3 45144|- | 
1 | ro 
F 15136 57 1 Gs. wt! en io 55 75101 | 
— 3 | Oll4 
J| 1639 25 2714011 53 21 100 4 2 0 24140 © 7 N 
} 3 171471 55 48 1013 me 1 77 0 1 
8 18044 2 74805 58 16 11 3 13 0 51006 0 1 
(1 Z 1.49 hg | 2 5414 EF 
9146 40 JH. Eff 10 * o 4979 © 7 
5 20149 16 491502 4 9.24 EIS 
2151 44 39% 3 % j 2 27]51] o 4681] © 
22154 12 295 : 10 36 f 2 2052] 0 44 85 4 
[23150 % 190590 3] 23] 2 1453 © 43 + 
2459 8 1965 3 16242 mW54 o 41124 
2561 36 gfi55'2 15 3 | E wn waned Pr 
— — — 7 . | o 851 | 
| 2664 3 591502 27 59] 872 0 o 39189 o | 
27666 31 49 " 22 3 129] 1 505 T1 © 37187 4 | PE, 
28068 59 415 2 25 23 280 1 455 237 1 
I 27 21597 69 O | | Els ö 
| 35 4 1106002 27 50 29 1 . : enen \ : 
EX * 25 1 | 
i : 


: Aen. 


1 4 ] 


be TABLE VII. E2parions of the Son's CarH it 5 


_ Sun's Mean Anomaly. 


Signs: —0 


nk 


1 
1 
311,54 10 
1 
1 


1 54 58 


1 
131 37 
1 8 
I 52 36 
1.53 3 


53 27 
53 58 


54 26 
54 44 


— — — 


155 10 
1,55 20 


1.3? 


6 5git 55 28 
10 55 34 


1 85 37 


32 19] 44 wo 


31 


61: 38 60 53 30% 
4 375 Op — 40ſ26 | 


400 42 1 2 


[Signs II 


_+10 


TA 


L 28 ff 


TABLE VIII. Locaxtraus of the So. Durauen from tht 


EAT AH. 

Argument. Sun's Mean 8 
1 th 2 —— 
eee eee 
| 1 | 5.00728 5 5.006284 1 053640 29 
2 | $.007282 F. 006220 5.003531 28 
„ 5. 006 154 5.003420 27 
-- 4 5.007269 5.006037 5.003307 26 
Fm, - 5.007260 | 5.006018 003194 75 
| 6 | 5.007249 | 5005946 | 5.003080 | 24 
* 5.007235 5.005872 5.002965 | 23 
FM 5.007218 | F. 005797 5.0028 39 22 
| 9 S. 5.057 20 5.002732 | 21 
| to 5.007180 F. 005642 5.002614 20 
: 11 5.007158 5.005562 | 5*002495 [ | 
12 |} $.007134 | $-005480 | 5.002375 | 18 

I3 | $.007to7 | $-005397 | 5.002254 17 

14 | 5.007079 5.05312 5.002134 16 

15 5.007048 | 5.005225 5.002012 1 
| 16 5.007015 5.005 136 5.001890 14 | 
| v9 5. 006980 5.005047 5.001767 8 

18 | $5-006943 | $-00495 5-001643 | 12 
| 19 | $-006905 5.004863 5.001518 1 
| 20 [5.006864 5.004768 5.001393 10 

21 | 5.006321 5.004672 5.001268 9 | 

22 5.006776 5.004575 5. 01142 

23 | 5.06730 5.004477 | 5.001016 7 

24 5.096681 5.004377 5.000889 6 } 

25 | 5.006630 | 5.004275 | 5.000762 2 
26 [5.006577 | 5.004173 | 5.000635 | 4 | 

27 5.006522 5.004069 5-000508 | 3 |} 

28 5.006466 5.003963 | ' 5.000380 | 2 
| 29 | 5.006408 5.003857 5.000252 | 2 |} 

30 | $.056347 | 5.003749 | 5.000124 ©. 
__Signs IL 10 — 9 


\ 


— 4.” «4 * 


Fe 1 


N 


Argument. Sun's Mean Anomaly, 


Mn is „ 


Loganianns of the Sun's Disrarcr from the Earn, © 


— 


—_— 
— 


? 3 wa, 5 — _— 2 Ta 
| © 5.000124 4.99645 | 4993629 | 30 
1 | 4999995 | 4996292 | 4-993555 | 29 
24999867 4999189 | 4.993491 28 
3 4999739 4999269 | 4.993429 | 27 
4 4.999611 4.995939 4993369 | 26 
5 4.999483 4993839 | 4993311 | 25 
6 | 4-999354 4.995742 4-993255 | 24 
7 4.999227 4.995536 ¼ (4.99320 | 23 
8 | 4-999099 | 4995531 4.993750 | 22 
9 | 4998971 | 4995427 4993102 21 
10 [4.998844 4.995325 | 4-993955 | 29 
; 4.998717 | 4-995224 4.993 | 19 
4:993599 | 4995126 | 4-992966 | 18 
4.998463 4-995228 | 4-992926 | 17 
4.998335 4.994932 4.992888 | 16 
4·9982 10 | 4.994836 4.992852 15 
4.998084 4-994743 4.992818 14 
4997965 4-994552 4.992786 13 
4.997837 4994562 4.992757 | 12 
4.997714 4994474 4.992731 11 
499759 1 | 4.994387 | 4-992706 | 10 
4-997468 | 4-994302 | 4992683 3 
4.997347 4994219 | 4.992663 
4.99722 4.994138 | 4.992646 7 
4.997106 [4.99 08 4.992631 6 
eee 4992018 | 5 
4-996868 | 4.993904 4.90266 | 4 
4-996750 | 4-993831 | 4-992599 3 
4996634 | 4-993759 | 4-992593 : 
4-996519 4.993688 4-992599 | 1 
4:996405 4-993920 4.992589 © 
8 5s = 6 Nb 


—_ 


T: 


E 14,1 


TABLE IX. The Sor's Decutarion to every Dees of 


bis LongiTups. 


_ 


+. 


| Argument. San's Longitude. 


5 ne North. 


4 North. 


N 


og % North. | 1 N North. 2 IT North. | 
& | 6 £ South. m South. | 8 + South. | 8 
SO Decliw. | O Declin. © Declin. | © 
HEH D. a + . | 
0 o eit 29-;5 |: 20. 10:35 | $© 
I © 23 53 | 11 50 6 | 20 22 57 29 
2 © 47 47 | 12 10 $6 20 353 7 28 
3 11139 | 12 31 34 20 46 55 27 
4 1 35 39 | 12 51 59 20 58 20 26 
5 1 59 20 | -13 12 12 21 9 21 25 
6 2 23 8 | 13 32 12 21 19 59 24 
7 2 46 54 [13 51 58 21 30 13 23 
8 3 10-37 J 424 11 30 f 41 40 3 22 
9 | 3 3417 | 14 3948 | 21 49 29 | 21 
10 3 57 54 | 14 49 52 21 58 30 20 
11 [ 4'21 IT- } 185. !S go 22 7 6 19 
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Of the Egparion of Time fitted to each Dsces: of the E ettrte. a 
l '# Sls 25 Apogee 3 9. 
Argument. Sun's Longitude. 
S| 25 | m7 |H8 | D X10] NA 
STS 24 T:þ T1 
— r__ w__—_—_—_——__C _—_— — -. —  — — 
. m. 8. m. . | m. 8 | m. 6. 
73815 3113 33] 11111 28 14 19 
125815 3913 17 0 421 46 | 14 13 
2| 8 19 15 4613 0 — 12 12 114 6 
8 $40 |'15 52 | 12: 4 17 | 12 19 | 13 59 
+4] 9 1115 57 [12 2304612 3213 51 | 
— —— — 3 — 2 — — 1 — 
1492116 212 4411612 46 | 13 43 | 
6] 941|[16 6|11 44] 145 | 12 59 | 13 34 
7119 1.116 911 23] 2 14] 13 32 | 13 24 
810 2016 11 | 11 1 2 43 | 13 24 | 13 14 
910 3916 13 | 10 39| 3 11 | 13 35 |'3- 8 | 
Up 3 46 — — — Dom 1 —— . ¶— — 
1010 6716 1310 16 3 3913 45 | 12 51 
1111 15 [14 13 953] 4 713 54| 12 39 
1211 3316 12 9 29 43514 212 27 
1311 5116 10 9 5 5 214 912 14 
I4 | 12 16 7| 840| J 29 | 14 16 | 12. © 
— — ——.— Vs (72-645 ene — 4 — 
15 12 2516 4| 8 14 5 56 | 14 22 | 11 46 
1612 416 o| 7 48 22 | 14 27 | 11 31 
1712 571i; 55 [722 6 48 | 14 31 | 11 16 
18 13 1215 49 65 rn 
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24 411413 2.40 
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4 5 36 | 14 25 2 10 
5 6 314 29 2 0 
6 6-30 I4 33 | 1 49 
7] 6 56 | 14 36 138 
8 7 21 | 14 38 127 
91 74614 4% 1 15 
10 81014 41 1 
11] 8 34 | 14 41 O 52 
12 8 58 | 14 40 © 39 
13 9 20 | 14 38 0 27 
144 9 42 | 14 36 * 
15110 3 14 33 —_ 
16 | 10 24 | 14 29 . + 11 
11110 44.24 O 24 
11 3114 19. 0 36 
It 21 | 14 13 oO 49 
11 39 | 14 6 1 2 
— — — — — ' — 1 
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12 2713 42 3 40 1 41 
12 41 | 13 32 335 153 
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13 30 | 12 49 \ $21] 2. 48 | 
13 40 | 12 43 3:47 © 8:1 
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— —— —m᷑ —ę— — 7 ö 
111 4 59 447] 33613 15 15 40 611 
125 7] 438 3 5613 29 | 15 32 5 43 
13] $14] 428] 417[1343]15 23] 5 14 
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25 6 2} 145] 8 2815 4712 35] 0 41 
$757 6:24 128} 848] 15 531.12 16 | 2 1 
3 0-24 1-3 8 | 15 59 | 11 56 | 1.41 
„ 044] 928] 16-3 f1r 35] 2 1x 
29] 559] 036] 9 476 7 14] 2 40 
30 557] 018] 10 616 910 52 3 9 
zl 555) 6 of | 0 x1 $3 
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TABLE XIII. 3 of the Ferric to the Eavarox- 


Argument. Longitude of the Points of the Ecliptio. 
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o [% O O % 5.42 2 n 15i|30 of 
0.39 D 229 | 2 7 2 [2 .9 5929 30 
10 [ 4 58 |,2 8 202 8 42 29 © 
130% 727 2 935 2 7 21 28 30 
2: 0 f 
2 30 | 0 1½ 24211 59 ] 2 4 33 27 30 
3 0 | 14 52213 7 [2 3 5 27 oh 
3 360 [6 1/ 20 J 2 14 14 
4 © Q 19 48 || 2 15 18 2 0 ,3 i] 26 0 
4 30 oO 22 15 | :2 16 19 ][ 1 58 28 25 30 
3 O 24 43 217 18 1 56 50 || 25 0 
3 30 % 27 9 | 218 15 155 1124 30 
6 0 | 02936 219 91 53 29 24 0 
6 30 Si 151 45 23 30 
7 0 | 0.3427 | 22051 [1 49 5823 of 
7 30 0 36 xt 2 21 38 ] 1 48 10 || 22 30 
8..0 o 39 164 22 23 1 46 19 | 22 0 
8 30 | 04139 | 2 23 5 [1 44 26 | 21 30 
8 0 44 2 [2 23 44] 1 42 31 21 0 
9 30 [ 46 24 224 21 1 40 34 20 30 
10 0 9 45: . 2: 36-65 138.38 2 
10 30 8 2 25 271 36 34 || 19 30 
8 o 53 26 2.25 17 134 31 19 © 
11 30 O 55 45 2 26 23 [ 1 32 27 | 18 30 
42 0 o 58 3 1 2 26 47 1.39 20 | 18 © 
12 30 I 0 20 2 27 9 128 11 | 17 30 | 
14:0 r 98 
13 39. 1 4 51 | 2 27 43 | 123 49 | 16 30 
14 0 1.7 % 23 £7 1.21 3 498 
14 30 1 9 188 I 19 20 | 15 30 
15 0 I 11 30 2 28 16 117 23 
8 44% 437% 
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8. det Fs —1—7 —2—8 | 
0 3 " SL. Ul 3 it 0 / 
15 0 r rr 30 „% 2.179 3ilTs 07 
15 30 | 1 13 40 | 2 28 21 [f 14 44 | 14 30 
w ir 50 1228 24 1|''r T2 24 [| 74 © 
16 30 1 7 58 | [2 238 24 f 10 2 13 30 
17 [1 20 228 21 [1 7 39 173 © 
77 30 f 22 10 129 f fr 5 14 | T2 30 
18 0 [1 24 74 2 28 71 2 49 2 © 
18 30 | 26 5 2 27 56 21 [11 30 
19 o | 128 19 2 27 42 | o 57 53 f © 
19 30 | f 30 19 2 27 76 || '© 55 23 || Io 30 
20 © 4 32 7 a7 7 ;| © $2 13 10,0 
20 30 || 't 34 14 | 2 26 45 o 30 21 | 9 30 
21 0 t 36 9 ] 22620 | 047 48 | 9 0 
21 30 t 38 3 | 2 25 33 [ o 45 14 | 8 30 
220 1 39 55 2 25 23 | 42 39 | 8 © 
r r 
22 30 || 1 4r 46 2 24 50 | © 40 4 | 7 30 
123 © | ! 4335 | 22414 | 03727 | 7.0 
23 30 f 45 22 2 23 36 [ 34 50 || 6 30 
1240 1 47 72 22 55 | 32 12 6 © 
24 30 $ a0: q4x- {1-2 £2 71 {| fo 29 33 5 30 
| 25 © 1 50 32 2 21 25 89 26 54 $20 
25 30 fl 52 12 2 20 36 0 24 14 | 4:30 
26 © 1 53 50 2 19 44 o 21 34 4 0 
26 30 t 55 26 2 18 50:| o 18 53 3 30 
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TABLE XIV.” The Sor Lovarrops for every Der in the 
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| |s. 8 70 - Vid 8. © & So ml ay 5. 1 
113. 94114 9175 9 76 8 267 9 195 9 32 
23 10 384 10 145 10 e e 58 To 33 
313 11 3514 11 16 11 46 10 247 1 108 Ir 34 
43 12 3214 12 95 12 266 11 24% ph 168 12 35 
503 13 304 13 65 13 06 12 23% 13 1608 13 36 
1 613*14 2714 14 415.73 59Þ 13 227 14 168 1% 37 
F 315 24|4"15 25 14 5716 14 217 15 1/8 15 38 
83 16 2I|4 15 595 15 556 15 21 178 16 39 
9 16 575 16 536 16 2007 178 17 40 
17 54[5 17 526 17 197 18 188 18 41 
8 525 18 506 18 197/ 1 1815 0 42 
19 495 19 49 05 19 187 20 1 8 20 43 
4 20 475 20 476 20 18) 21 198 21 44 
4 21 45 F5 21 466 21 1 8 22 45 
4 22 42 [Ff 22 4466 22 177 2008 23 47 
4 23 4915 23 436 23 17% 24 24 24 48 
24 3805 24 426 24 16% 25 218 25 49 
4 25 36 5 25 4015 25 1607 228 26 50 
4 26 335 26 3916 26 167 238-27 51 
4g˙27 315 27 3866 27 167 238 28 52 
4 28 2915 28 37 6 28 157 29 248 29 54 
4 29 27]5 29 356 29 158 0 259 0 55 
5 0 256 oO 34% © 158 2619 I 56 
3 £ 1337 7 158 2 269 2 57 
5 2 2116 2 32% 2 158 3 219 3 58 
5 3 196 3317 3 158 89 4 59 
5 4176 430% 4158 9 81 
5 51506 5 297 5 158 9 2 2 
5 6 136 6 28% 6 1508 9 843 
7 1116-7 277 7158 0 9 4 
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118 49 | 21 122 50 0 44 2 35 4 38 
2 | 18 5321 522 54 047 239 442 
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10 19 2821 37 23 4 12. 300% $198 © 5 
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1219 3721 4523 31 1 24 3 18 5 23 
13] 19 41 | 21 49 | 23 35 27 |, 3 a1 24 
14 | 19 46 | 21 53 | 23 38 31 |. 3 25 31 
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14 9 23 5] 2 28 43 15} © 19 19 43 

2 | 8134611] 5 27 26 30 1 8 39 26 

3 | 023 916} 826 g a5} 12959 9 
5 4 $2044 574 © 1.40 4] #07 20iis Þþ 
5 0 0. 0 43 N08 9} 3 4 41 46 

6 |] 2 929 76 5 23 23} 3.26 1 29 

16 16 $3 bs E: 9-4 6 39 | 4 19 21 12 | 
B 8 1 11 25 53 0155347} 5 444 6 | 

9 þ 3 2048 59] 31437 3 5 24 3 49 

"0.4.80 12 4} 6 13 20 17 } 6 13 23 32 
Op ger moon eo os 

11 935 9 912 332] 7 2 43 15 
B 125 a 8 50 a235017] 723 8 9 
13 9 11 31 55} 3 22 33 56 8 11 25 52 
3 120 55 1} 6211711] & © 45 35 

15 6 9018 6} 9 20 0 26] 9 20 5 18 
B 16 10 22 $1 46] x 1 47 34 | 10 28 12 
| #7. 4 3 # 14 52 4 $30 50] 10 28 47 $5 i 
18 7 11 37 57 | 629 14 <4 | 18 189-484 


19 [121 1 2] 92757 19] % 7 27 2t | 
B 20 4 13 34 43} 1 9 44 30 0 26 5o 15 


B 40 | 8 27 9 26| 2 19 28 56 1 23 40 30 
5 6o | 1 10 44 9| 3 29 13 24 5 


3 8 5 2418 525 B57 52 3 1½% 21-0 | 
B 100 10 7 53 35 [6 18 42 20 4 14 11 is | 
| B 200 15 47 10 1 7 24 40 | 8 28 22 13 
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„ S937 F 
1761 "Av V8.5: een 13430 |::.25 7 33 3 
178117 * 42 22 29 18 | 1 10 43 18 
1791] 7 14 54 591 6 5 39 35 6 27 19 46 
1791J˙70 7 28 40] 9 17,26 44] 6 7 56 52 
1793 [ 4.16 51 45 16 9.59 | 5.18 37 9 
1794 8 26 14 51 | 3 14 53 14 4 29 17 26 
.1795 | 1: 5 37 576 13 36 29 | 4 9 57 43 
B 1796 f 5 28 11379 25 23 38 | .3 20 34 49 
1797 10 7 34 43 o 24 6 53 | 3 1115 6 
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31820] 3 19 18 47 | 11: 0 1 60 O 6 25 42 
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TABLE 17. The Moon's Mean Moriovs for Montus and 


| Dars. 
ſo = ö February. oh E- 
* 4 4 | 

| 7 {| Mean Motion Dd. | Anomaly. Motion Q, 
1 | 8. 3 5 Ian DES 
E 3 4 [125-42 25; 4:47 I 41 40 
2 ] 2 14 49 16 | 211 8 41 I 44 51 
3 3 2 87:9 51 3 24:73:36 |: 148+ 2 
if 3 11 10 26 3 7 16 29 4 1 12 
n 3 20 20 22 154 23 
16 | 4 7 31 36 4 3.24 16 1 57 34 
IFF 4 R048 38 4 16 28 io |. 2: 0 44 
04-5: 3: $2546 4 29 32 4 | 2 3 55 
%%% D 35-56: 27: 5 
10 6 o 13 56 5 25 39 52 [2 10 16 

K-! ⁵ͤ!n ——! 2 —— 
x3 |. -6 13 24 37 6 8 43 46 2 13 27 
12 6 26 35 6 6 21 47 4o | 216 37 
13 7 9 45 41 7. 4. 31 34 | 2:19:48 
64 7 22 55 16 7 £7:-38-: 26 2 22 59 
of 3.59: 6-652 8 ©. 59 222 26 9 
16 | 8 19 17 26 8 14 NN 2 29 20 
$7 9 2 28 t: 8 27 7 10 | 2 32 31 
18 9 15 38 36. 9: 10 14: 4 } 2:35-61 | 
19 9 28 49 11 9 23 14 58 2 38 52 
20 | T0 Ix 59 46 10 6 18 52 | 2 42 3 
[ — — os — —— ¶— — 
| 33 J 10 25 10 21 | 10 19 22 46 {| 2 45 13 
22 11 8 20 56 {| 11 2 26 40 | 2 48 24 
$3 -] 301201 407-22 4: 11 I5- go 38 y: 2.51 84 
341 O4 42 7 11 28 34 28 [2 54 45 
253 | 017 52 42 0 11 38 22 q5' 2.57 56 
126 I 0 24 42 16 | 3 1 6 
1 a7 | I 1 7 46 10 3 4 #7 
3 F 28 


whe number of days. 
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TABLE III. The Moow's Merv Morions for Moxxzas aid ' 
2 | 
— —— 1 
20 Mean Motion D.“ Anomaly Motion G. 
r "OT G WF” 17 7 8. . #0 7 6 "=" wy 
I 2 10 35 2 [2 3 53 57 3 10 38 
: 2 2345087" | © 2 £6c97"$1-7] *$ 13 49 
3 6 36 27 3 00 145 3 7 
4 soir ieee 
7 2 4; 317 [P 6 3 23 21 
6 | "416-27 7 4 91327 | 3 26 g1 
Ft 4 29 38 32 4 22 17 21 | 3 29 42 
C if {5 ſ125gg**9 5 $21 15 f 3 22.53 
, 96} a a8: oy 
10 9 10 17 6 1829 31 14 
11 6 22 20 52 6 14 32 57 | 3 42 25 
12 27 $9127" [6 2758663 1 
13 218 42 2 7 10 40 45 3 48 46 
14 81.2 32 37 17 2344 39 3 
r 
16 8 28 13 478 19 52 27 3 38 18 
119 11 24 22 9 2 56 21 [4 1 28 
18 9 24 34 57 [916 14 439 
19 10 745 32 9294 9 1 7 30 
20 [10 20 56 7 10 12 8 3 4110 
21 11 4 6 42 [10 25 11 57 4 14 11 
22 11 17 17 17 1 8 15 31 4 17 22 
23 | 0 0 27 52 |' 11 21 19 45 [ 4 20 32 
24 13 38 27 


[ 34 ] 
TABLE III. The Moon 


's Mean Motions for MonTas aul 


Dars. 


_ April. 
Di — — 
Mean Motion D.] Anomaly. Motion Q, 
8. 80 By cher e 1 0 1 „ 
3 29 3 8 3 18.54 50 | 4 49 8 
4 12 13 43 | 4 158 44 | 4 52.19 
425 24 18 | 4 15 2.38 | 4 55 29 
1 8.343 4 28 6 32 | 4 58 40 
5 21 45 28 | 5 11 10 26 $£ :4 x 
{6 4166: 3] - 5 24:54:30 1| +5, '5 1 
6 18 6 38 6 7 18 14 5 8 12 
51 17 nn, 
7 14 27 48 7 326 2 | 5 14 33 
7 27 38 23 7 16 29 56 | 5 17 44 
8 10 48 58 7 29 33 50 5 20 54 
8 23 59 33 [8 12 37 44 | 5 24 5 
9 7 0 8 8 8 25.41: 38 5 27 16 
9 20 20 43 | 9 8 45 32 5 30 26 
10 33118 9 21 49 26 | 5 33 37 
10 16 41 53 | 10! 4 53 20 | 5 36 48 
10 29 52 38 [10 17 57-14 [5 39 58 
Le ok HO Cn a oy OBI $43 "9 
11 26 13 38 11 1% F 1 5 46 20 
0 9 24 13 | 1127 8 55 | 5 49 30 
o 22 34 48 © 10 12 49 5 52 41 
1 $:#5 83 o 23 16 43 | 5 $5 $1 
1 18 55 38 0 3 
„2 6119 4 38 2 13 
„ „ $7- 2 2 28 25 6 F 23 
2 28 27 43 2 15 32 19 6 8 34 
311 38 16 2 28 36 13 6 11 45 
3 24 48 53 | 31140 7 | 6 14 55 
-,$' 7-49-26 3 24 44 1 6 18 6 
21 4 7 47 55 6 231-397 1 


T* 


ud 


CEQ] 


TABLE III. The Moon's Max Moriovs for Movras and 


Dars. 

2 May. a 
Mean Motion P. Anomaly. Motion ) 
F 4 T1 

5 4 20 38 | 4 20 51 49 | 6 24 27 
5 17 31 13 5 355 43 | 6 27 38 
6 o 41 48 5 16 59 37 | 6 30 48 
6 13 52 23 6 0 33t | 6 33 59 

6 27 2 59 6 13 7 25 | 6 37 
7 lo 13 34 6 26 11 '19 6 40 
7 23 24 9 7 91513 | 6 43 ” 
, 8 6 34 44 7 22 19 7 | 6 46 42 
8 19 45 19 8 523 1 | 6 49 52 
9 2 55 54 8 18 26 55 | 033-9 
9 16 6 29 9 1 30 49 6 56 14 
929 17 4 9 14 34 42 | 6 59 24 
10 12 27 39 | 9 27 38 36 | 7 2 35 
10 25 38 14 | 10 10 42 30 7 5 46 
it 8 48 49 | 10 23 46 24 | 7 8 56 
I1 21 59 24 11 6 50 18 | 712 5 
. 11 19 54 12 71 
0:18 20 „% of 2 7 18 28 
1 0:16 ᷣ 2 © 7 21 39 
1 14 41 44 8 1.24 49 
1 27 52 19 1 12 9 48 7 28 © 
115-8 I 25 13 42 7 RI: v4 
2 24 13 29 2 8 17 36 734 21 
3 734 4 | 2 1 30 7 37 32 
3 20 34 39 3 4 % % 7 490 43 
4 3 45 14 [3 17 29 18 | 7 43 53 
4 16 55 49 4 0 33 12 | 7 47 4 
5 0 6 24 4 13 37 6 | 7 50 14 
5 13 16 59 ][ 42641 © | 7 53 25 
5 26 27 34 | 5 9 44 54 | 7 56 36 
6 9 38 9 5 22 48 48 | 7 


L 36 1 


TABLE ur. The Moon's MrAN MoTions for Movin and 


Dars. 
LR. | : June. wo 
N Notion 9. | Anomaly. | Motion $0, 
| „ AT 2 -. ⁰ RR KOT en 
rte 6 22 684 6 5 $2 42 
37 5 69 19 6 18 56 36 
58 7 19 9.54 7 2 © 30 
4] $ 2 2029 | 715 4 24 
[ 8 15 31 4 | 7 28 8 17 
6 | 8 28 41 39 | 821142 11 
5 ++. 29 11:52:14: |". 24 16 5 
838 9 25 2.49 9 7 19 59 
9 | 10 8 13 25, 9 20 23 53 
o | 30:/21;24-0::| 10! 3:27: 87: 8 31 38 
11 434 35 | 1016 31 41 4 4 
ſ 31 17 45 10 | 19 29 35 35 
o © 55 45 11 12 39 29 
5 14 6 20 11 25 43 23 
o 27 16 3040! 8 47 17 
vY 10 27 30 0 21 51 11 50 
1 23 38 S f 1 4 55 5 53 
2 6 48 40 1 17 58 59 56 
2 19 59 15 2 1 2 $3 9 8 
JJ 2144:0 47; 1:9 :3 
3 16 20 25 2 2% 10 41 [9 6.40 
3 29 31 © 3 10 14 35 9 9 40 
4 12 41 35 3 23 18 29 9 12 51 
4 25 52 10 4 6 22 23 9 16 2 
5 9 245 4 19 26 17 | 9 19 12 
5 22 13 20 5] 2 30 1 9 22 323 | 
6 $5 23 55 5 15 34 5 | 9 25 34 | 
6 18 34 30 5 28 37 59 | 9 28 44 
£7 1 6 11 41 $2 | 9 31 55 
£7 14-89-00: 9 35 © 


6 24 45 46 


— — — 


] 
= bm . 


— 
x 


1 


12 1 


TABLE III. The Moon's Me Morions for Morun , 
|  Dars. 4 Fo 

- 1. July. 

„ | Mean Motion D. Anomaly. | 
FFT 
11728 615 ⁶ 7 7 49 40 

2 8 11 16 50 [7 20 33 34 

3 8 24 27 25 8 3 57 28 
14 9 738 © 8 17 1 22 
es e 9 20 48 335 9 0 5 16 
18 10 1 59 10 9 13 9 10 
1710 17; 992623 4 

8 11 O 20 20 10 9 16 58 
9 11 13 30 55 10 22 20 52 

10 J 11 26 1 3 [1 5840 

1 0 9 52 5 11 18 28 40 10 10 '8 

12 -© 23 2 40 0 13234 20 39 

13 1 6 13 15 o 14 36 28 10 16 24 

14 1 19 23 51 O 27 40 21 [ 10 19 34 

15 2 2 34 26 1 10 44 16 | 10 22 45 

16 2 15 48 1 1 23 48 10 10 25 56 

17 2 28 55 36 2 6 52 4 10 29 6 

1 O28 2 19 55 58 10 32 17 

19 | 3 25 16 46 3 2 59 52 |'10 35 28 

both 4 #27 2 3 16 3 46 10 38 38 

21. 4 21 3F 56 3 29 740 | 10 41 49 

1 55; 44631 4 12 11 '34 | 10 45 o 

23' 5 17 59: 6 4 25 15 27 10 48 10 

a4 6 1 941 5 8 19 21 10 gr 21 

25 | 6 14 20 16 5 21 23 15 10 $4 32 

26 6 27 r 6 K Ne 

27 77 n 6 17 31 4 N U 

28 2275271 7 0 3457 [IL 7493 ; 

ag if 3. 24236 —[ 71438 5 

30 [8 20 132421 7 26 42 45 1 10 25 

31 9 3 23 46 |» 8 9 46 39 1 13 35 | 


— 
— . — N ven oy 


— —_—_ — 


1 1 


TABLE III. The Moow's MAN Morio vs for Mors and 


Dars. 
— "ir 
3 marry 
| 2 | Mean Motion H. Anomaly. | Motion &. 
R | "HEELS EW EF. . 
19 16 34 21 [8 22 50 33 | 11 16 46 
es! 19 29 44 50 9 5 54 27 | 11 19 57 
$ + 12 55 31 9:19:30" 27 «| 12 23-: 5 
4 ba 26 6 6 16 2 215 11 26 18 
5 41 9 16 41 10 16 6 9 11 29 29 
06 [11 22 27 16 10 2010 3 1 32 39 
9 74.00 | ${97;$1 114543 $9::122 35 59 
8 o 18 48 26 11 24 17 51 | 'I1 39 0 
ens o FT 268541 T1 42 1 
10 | ' 1 15 9 36 o 20 25 39 11 45 22 
11 1 28 20 11 20 1-11-48 38 
122 11 30 46 1 16 33 27 | 11 51 43 
89 Of © 2/24 48:21 1 29 37 21 | 11 54 54 
14 | 3 75156 2 12 41 I5 | 1158 4 
15 3211281 2324 ' 45 9 43-3 18 
625 24 410$;6 | $3 $49.3 112 4:26. 
17 4 17.23 41 3:21:52 36 2 95 $6 
8:4 -:5 O84 17 4 4 56 50 | 12 10 47 
19 | $5 13 44 52 | 4 18 44 | 12 13 57 
20 W $7 486 [12-37 8 
— Ay 4 
21 6 10 6 2 5 14 8 32 | 12 20 19 
22 | 6 23 16 37 5 27-12 26 | 12 23 29 
23'] % 0.279 12 6 10 16 20 [12 26 40 
24 | 7 19 37 47 6 23 20 14 | 12 29 51 
25 8 2 48 22 75 1 3:} 12 33 
26 8 15 58 57 7 19 28 2 [12 36 12 
27 8 29 9 32 8 2 3r 56 | 12 39 23 
28 9 142arT i|'- B:is g5 0 12 42 33 
29 9 25 60 42 | 8 28 39 44 | 12 45 44 
3010 8 41 17 9 11 43 38 | 12 48 54 
10 21 FI 52 9 24 47 32 


4 TABLE III. The Moo 


39 ] 


r Msan Motions for MonTas and 


Dars. 
8 Ss September : } N 
5 | Mean Motion P. Anomaly. | Motion Q). | 
F . 
1 1 5 22939 1% 9 $3 06 12 55 16 
2 1118 13 2 10 20 55 20 |- 12 58 26 
; F 11 3 59 14 [13 1 37 
4 © 14 34 1211 17 3 13 4 45 
5 O 27 44 47 0.0 7 '2 | x3 7 58 
6 I 10 55 220 13 10 36 13 119 
7 124 5 57 o 26 14 50 | 13 14 20 
8 2 7 16 32 I 9 18 44 13 17 30 
9 2 20 27 7 [1 22 22 38 13 20 41 
10 3 3 37 42 2 5 26 31 13 23 52 
— — — _— —_—_— 
11 3 16 48 17 2 18 30 26 x3 27 12 
12 3 29 58 52 3 134 19 | 13 30 13 
13 4 13 9 27 3 14 38 13 13 33 23 
14 4 26 20 2 | 3 27 42 7 | 13 36 34 
15 $.9 39 37 4 10 46 I 13 0 
16 | 5 22 41 12 | 4 23 49 55. | 13 42 55 
17 6 55147 | 5 653 49 | 13 46 6 
18 6 19 222 | 5 19 57 43 | 13 49 17 
. 19 7 2 12 57 6 3 1 37 13 52 27 
20 1 xs 23 3A 6 16 5 31 . 14: 55 
21 [7 28 34 7 | 629 9 25 | 13 58 49 
22 8 11 44 43 | 7 12 13 19 | 14 1.59 
22 8 24 55 18 7 25 17 13.| 14 5 10 
24 | 9 5 53 8 821 7 | 14 8 20 
25 9. 21 20 h ˙ an-AÞ i 14 11. 31 
26 10 4 27 3 9 4 28-55 14 14 42 
27 | 10 17 37 38 9 17 32 49 | 14 17 52 
26+ 34-0 4K 28 Io © 36 43 14 21 3 
29 II 13 58 48 10 13 40 37 14 24 14 
30 Is 27 -9 28 Io 26 44 31 


* 
5 ” 
—— —— ñ mm 


14 27 24 


2 


L @ 
TABLE. III. The Mas Hike Motions for Mon r and 


Durs. T. 
FI OA ober. wn * 
—— 1 _— —— — 
\ | Mean | TY . 1 Anomaly. Motion {. 
FO TT TT TT kt 
x | :9 101938 21 9 43 25 ¼ 14 30 35 # 
2 J; 20 d 72100 30 33 d= 1 22 $52 19 |: 14 33 46 
3 * 4% 5 $9133 4 34 36 $6 | 
4 19 31 43 0 19 9 6 21: 14 40 7 
5 2 3 2 18 01 - 4 9 J 14 43 17 
— — — | — 8 
6 ip 272 16 12 53 ＋ © I 75 7 54 4 14 46 28 - 
7 i 72 29 23 25 E 1 28 11 48 L 14 49 $9 


2 11 15 42 ⁶ 14 52 49 | 
9 ul 3 25 44 38 R 2 24 19 36 + 24 56 © | 
10 4 8 55 13 7/23 39 | 14 59 11 | 
11 4 22 f 48 3 20 27 24 13 2 2 | 
z2 + 55 $530 33 f :4 331 28 615 5 g2 
13 5 18 26 58 416 35 12 | 15 8 43 
it + :0 2.97 33 if 4 29 39 <6 K 5 11 $3 
13 6 14 48 +5 12 43 15 15 4 
16 6 27 58 43 5 25 46 54 :|þ 15 18 15 
d] Þ :7 1. Q 3 6 8 50 48 25 21 25 | 
1 7 24 19 73 6 21 54 42 15 24 36 | 
is + :$ 7 5p 2 7 4 38 36 | 15 27 46 
20 $ 20 48 33 J 7 £08 „ fe. E 5 40 57 
M5 9.8538 + 538 1:6 a | 25 34 8 
a3 x| 29 27 (43 3$ 8 14 10 4 I; 37 18 
2310 o 12 48 þ -8 27 14 12 | 15 40 29 
24 | 10 13 23 23 9 10 18 6 | 15 43 40 
25 -| 10 26 33 58 þ 9 23 22 © || 15 46.50 


| 
| 


26 | 1t 94433 % 62554 | 1550 2 
7 II 22 55 8 | 10 19 29 48 | 15 53 12 
E % 0:5 46 1-38 2 33 4x J 25 36 22 


.© 19 16 19 1 15 37 35 | 15 59 33 
$9. 4þ# 2 26 54 | 7: 28 41 29 | 16 2 43 


DS, 
\© 
— 


32 1 15 37 19 o It 45 23 | 16 5 54 


E 


TABLE III. The Moon's Mea Moriovs for Morus and 
| Drs. | | 
S | November. | 
Mean Motion P. Anomaly. . | Motion Q. 
He 0 DH F 1 
El 128 48 4 | o 24 49 17 1» 9-74 :1 
13 2 11 58 39 1 16 12 15 
3 2 25 9 14 120 57 $ 16 15 26 
4 3 81949 | 2 4 059 | 16 18 37 
Fe. 3 21 30 24 2 17 4 53 | 16 21 47 
6 | 4 440 59 3 0.847 | 16 24 58 
7'1 $17 9d 3 13 12 41 16 28 9 
7-2 TT 1 3- 9: T2365 15'$05 16 31 19 
| 9 | $5 1412 44 *| 4 9 20 29 | 16 34 30 
10 5 27 23 19 4 22 24 23 16 37 40 
I 6 10 33 54 5 $5 28 17 16 40 51 
12 6 23 44 29 5 18 32 11 | 16 44 2 
194 3 $4 2 $ .1 36 51 16 «— 
14 720 5 39 |- 6 14 39 59 | 16 50 23 
15.8 316 14 | 6 27 43 53 ] 16 53 34 
{ 16 8 16 26 49 7 10 47 47 16 56 44 
} 27 8 29 37 24 7 23 51 41 | 16 59 55 
as -1.- $19 47-59 S 6535 35 1 7-10 
19 9 25 53 34 8 19 59 29 | 217 6 16 
. | 
| 21, | 10 22 19 44 9 16 716 17 12 38 
22 ir $ 39 19 9 29 11 10 17 15 48 
23 11 18 40 54 | 10 12 15 4 | 17 18 59 
2 0 1199-29 10 25 18 58 7 29 9 3 
1 on 34% | non Sag] waa. 
26 | © 28 12 39 | 11 21 26 46 | 17 28 31 
27 | I I1 23 14 © 4 30 40 I7 31 41 
28 I 24 33 49 | © 17 34 34 | 17 34 52 
29 1 74624 | 1 & 8 28 17 38 3 
S 2 20 54 59 | 1 13 42 22 | 17 41 13 


7 


— . 
7 


2 ** 


— ——— — 1 ⏑ - 
* 1 


. ͤ V. 


1 


g | TABLE III. The Moon's Msan Motions for Mowras and 
: | , Dars. | 
4 42 — — 
; ; | 5 December. | 
5 Mean Motion 9. Anomaly. Motion 5. 
1 F . 1 
# I $4 434 1: x 26 46 16 17 44 24 
« 2 3 17 16 10 2 9 50 10 I7 47 35 
1 3 | 4 0 26 45 2 22 54 4 | 17 50 45 
ö 2 4 13 37 20 | 3 5 57 58 | 17 53 56 
5 4 26 47 55 3 19 152 [17 57 6 
6 5 9 58 30 4 2 8 46 5 0.17; 
7 $23 9 $5 4 15 940 | 18 3 28 
i 6 6 19 40 4 28 13 34 18 6:38 
9 6 19 30 15 5 11 17 28 18 9 49 
0 7 40 50 © 24 $122 1 13 © 
11 7/15 51 25 5 25 16 | 18 16 10 
12 729 2 © | 6 20 29 10 | 18 19 21 | 
13 8 12 12 35 3 | 032 33 
14 8 25 23 10 „„ 20.58 |--18 25-43 
15 9 8 33 45 7 29 40 51 | 18 28 53 
16 9 21 44 20 8 12 44 45 18 32 3 
17 | 10 4 54 55 8 25 48 39 | 18 35 14 
18 10 18 5 30 9 8 52 33 18 38 25 
191 18 1.486 $ 9 21 56 27 I8 41 35 
20 | '11 14 26 40 bo 3 © 27 18 44 46 
21 11 27 37 15 10 18 4 15 18 47 56 
22 | 0 10 47 50 VVV 18 51 7 
23 o 23 58 25 14 12 3 I8 54 18 
24 x :7. 9] © 27 15 57 | 18 57 29 
25 I 20 19 35 10 19 51 Ig © 39 
26 $ -4 20 10 23 23 45 19 3 50 
27 | 2 16 40 45 6 27 39 | 19 7 © 
28 2 29 51 20 19 31 33 | 19 10 11 
29 n 2 35 27 | 19 13 22 
30 3 26 12 30 15 39 21 19 16 32 
317 4 923 5 28 43 15 | 19 19 43 | 


48 3 


TABLE IV. The Moon's Mzan MoTions for Hougs, Mr 


NUTES, and SECONDS. 


fs M. Mot. Y 
He # 

117 IL III 

IL Ht %%. 


Mi 


—— 


Anomaly. Mo. N 


I m1 1 WY IH 
i wh fre Hy mm OH 


| wn > as ob. 


Oe ao © 


2 56 
$-55 
8 49 
1 46 
44 42 


93 
I 
13 
2 
2 
3338 


4 56 28 
5 29 25 


I IO 


3 17 39 
4 23 32 


6 2 21 
6 35 18 


7-41 10 
8 14 7 


7 .8 14 


8 47 3 


9 20 © 
9 52 501 9 47 


IO 25 $53 


10 58 49 


12 4 42 


13 10 35 
13 43 32 


11 31 46 


12 37 392 31 14 


14 16 28 


15 22 21 
15 55 17 


30/116 28 14 


30 44 42 
14 49 24 oY 
32 23 3032 7 
32 56 39 


16 52 324 6 
17 25 134 14 
18 7 317 58 
18 30 3104 30 
9 3 124 37 


4 22 


19 35 594 47 
20 18 48020 8 304 54 
20 FI 47120 41 194 54 
21 13 495 # 
37/21 46 3olg 12 


22 19 1205 25 
22 51 4805 31 
23 24 305 42 
24 9 2423 57 
24 29 48/6 © 
25 2 3006 6 
25 35 66 13 
26 7 4816 23 
26 40 3006 30 
27 13 666 36 
27 45 486 48 
28 18 3006 54 
29 5:54]28 51 
29 23 487 6 
29 56 2417 18 
30 29 67 24 
31 17 3631 1 487 30 
31 34 2417 48 


32 39 48 7 56 


6/5 50 


0 


7 48 
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TABLES or Tus MOON's EQUATIONS. T1 
I. Annual Equation of the Moon's Node. A 
Argument. Sun's Mean Anomaly. | 
8 |+o|+1]|+2]+3]+4| +5 |8_ | 
EO ORE 4 wo a go 2 #08 TA EW © — 
110 4 30 7 52 9128 4 4 42 30 
50 45 108159117 38 3 58 | 25 ; 
10 [1 34488 349 67 9| 3 13 (20 | 
%% a9 |F 16 37} 220 | i8 | 
J.. 1158 4316-111 40 j 106 
5734617 26jo $j[8z5]5 23] 0 a9 | 5 
30 [430 529 128 4] 442] 0 © 0 
8. JW 
Annual Equation of Moon's Mean Anomaly. 
Argument. Sun's Mean Anomaly. | 
8. |+o| +1] +2|+3\+4|+5|8| 
F . HT” ART 7 ut of (8% £5 
o|o o| 10 37 | 18 33 [2t 4219 1[f1 530 
511 51 [12 11] 19 27 [21 39 18 19 2325 
10 3 4013 4120 13 [21 27 16 53 7 36 20 
-15|5 29 | 15 4 | 20 49 324 
20 | 7 I5-| 16 21 | 21 1620 34|14 13| 3 52 | 10 
25 | 8 58 | 17 31 |'21 34 [19 5212 42 1 56 5 
30 |10 37 | 18 33 | 21 42 [19 111 50 0 of 
8. — 11 — 10 — 9 [f— 8 — 7 — 8. 
I. For the Moon's Longitude. 
Argument. Sun's Mean Anomaly. 
8. 1414223 +4|+5]8 | 
0 EIS 4 70 3 t r 3 "= 
T3 TS5 + 9-3 7 $+9 47-15-4210} 
50 576159 5911 89 164 4925 
048 3% 110 % 8 42134 20 
152 4974410 4 [10 f0[8 22 58 | 15 
203 43 | 8 23 10 55 10 347 191 59 | 10 
25 [436 8 59 | 11 410 136 32 105 
e e TH O01 ©4719 4210 O10; 
8. — 1 Þ- 1 — 9 — IST 8. 


T7] 


TI. For the Mao's Longi- 


III. For the Moon's Longi- 


Arg. II. 29 4 © + Arg. I. Arg. III. 2040 — Arg. I. 


| 
O 


* 


„ 
0000 =| + 
G 


— — 
9890 0 8 


8 
Wi 
o © © 
86988 
D G 


8 
8 


4 


[ 


IV. For the Moon's I 
Arg. IV. 220 + Ds M. Anom. 


[ 46 1 


v. For the Moon's Longitude, 


E vection. 


Argument V. 2940 — d's Mean Anomaly. 


— 


6 55Þ 45 36 


voy, . 

U fl 
20 28 
20 29 
20 28 
20 25 
20 21 


20 16 
20 9 
20 1 
19 51 
19 40 


19 27 
19 13 
18 57 
18 4c 
18 21 


17 40 
17 17 
16 53 


15 31 


14 30 
13.57 


13 23 
12 47 
12 10 
II 32 
10 53 


10 12 


—_ 4 = 
r 


40 45 
32 31 
o 38 16 


o 37 0 
5 45 


o 34 27 
o 33 10 
o 31 52 
0 30 33 
29 14 


27 54 
O 26 34 


[3 
F-1 
1 © 2300 25 13 
o 59 2600 23 51 
o 58 2800 22 29 


o 49 © 
O 47 51 


O 46 42 
0 45 33 
O 44 22 
9 43 10 
O 41 58 


0.49 45 


oO 57 2900 21 7 
o 56 29] 19 44 
oO 55 280 18 22 
o 54 2600 16 58 


0 53 22Þ 15 34 


o 52 1800 14 10 
oO 51 1310 12 46 
15 io 50 o 11 22 


— — 8 


＋ 6 


OO 


1 +7 | 


| Po | wawml S 


1731 en | 


Int 
VI. For the D' Longitude. 


Argument. 
Arg. V. + Arg. I. 


+ © 


— 6 


VII. For the D' Longitude. 


Argument. * 
Arg. V. — Arg. I. 
8. |+ + 2]+ 2 8: 
8. . 
r 
000234030 
54274225 
10 830 44 20 
T 
20 | 16 | 36 | 46 | 10 
25 | 20] 38] 46] 5 
3%} %% 
Ein 9| 9. 
S. A 5+ 4+ 318 


VIII. For the Y's Longitude. 


Argument. 

D's Mean Anom. — Arg. I. 
8. ＋ T 1|+ 28. 
8. — 6— 7|— 8| 8. 

ETD 
1002136 30 
542438 
io | 72740 
Is | it | 30 | 4l 
20 | 14 | 32 | 41 
25 | 18 | 34 | 42 
1 30 | 21-] 36 | 42 
8. F-11110 9g 0. 
S. Iþ+ SIT 4+ 38 


* 


„ 
IX. For the Moon's Longitude. 


Argument IX. Mean Diſt. DO Y's Mean Anomaly, 


| 8.1—0|—1j=2|+3|+4|+5|8. 
of: # 1+» „ 44:8 5 o 
000 oo 3800 30 [0 231911 1 30 
V 23] 312% 25 

10 16 42 16 421 140 45 20 
„( n 

260 9 1 +23 58 ö 1 2310 
25 34 35 TT] $1 +7 12 5 
30 | 38 iv 9] 12.10:0]j.0 

S. | + 11 + 10 = 9 —8 7 


X. For the Moon's Longitude, 


Argument X, 
Mean Long. Q — True Long. ©, 


with 


" 


- [+ 6| 


+ 2 


E 1 
XI. For the Moon's Longitude, hy Equation of the Centiei 
Argument XI. - Moon's Corre& Anomaly: 


FE 
——_—_—_ 


— 2 8. 1 
51621 3% 
J 9 498 22 
5 25 10 28 
5 26 20 27 
5 29 38 26 
_ ICY 
5 32 43 | 25 
5 35 4 24 
3 38 38 23 | 
5 41 27 22 
5 44 11 21 
5 46 48 | 20 
5 49 20 19 
$51 45 | 18 
354 5 17 
_ 95.56 19 16 
5 58 27 | 15. 
6 o 28 | 14 ' 
| 6 2 24 | 13 | 
| 6. 4 13 | 12 | 
| 6 556 | | 
| 6 9 2 19 
6 10 26 | 8 
| 6x4 43 | 57 
| | 6 12 54 ö 
25 230 31 | 457 49 ⁶ 61355 | 5 
26 2 36 12 5 2 41 6 14 55 4 
127 2 41 50 5 5 29 6 15 46 3 
28 | 2 47 26 5 911:| 6 16 go | 2 
_29_ ].72.13 0 | '3 8 gg. 1 6-28 00 anne 
30 | 258 3 | 5 16 21 | 6 17 48 20:4 
KM GE + 10 ＋ 9 8. 
G 


f 56 } 


xl. Fo or the Moon's Longitude. Equation of the Centre: 


ell. * 


{ 


Argument XI. Moon's Correct Anomaly. 
e ee e 
r r ö Boe: ax: F 

© | 61738 | 5 38 46 3 20 56 30 
nene ne 1457 | 29 | 
2 6 18 18 32 28 3-8 54 28 | 
3 | 61828 | 529 8 | 3 247 | 27 
| | E18-32 | £ 25.42 | 2.56 36 26 
FF 4 | 023.28 | $:22-10 | 2-59-21, | 35 
6 | 618 17 | 5 18 30 | 2 44 2 | 24 | 
7 | 61759 | $14.44 237 49 | 23 
8 | $:17:34 | 5 10:53 | 2.31.14 22 
9 | 637.3 | F653 | 2.24 45 | 21 
| 0M 61624 | 5 2 48 | 2 18 13 | 20 
11 | 6:15 38 | 4.58 37 2 11 37 | 19 
126 14 45 | 4.54 19 | 2 4:59 | 28 
13 | 613 45 | 449 55 | 3.58 18 | 17 
14 | 12 38 | 4 45 25 | 1.51 34 | 16 
135 6 11 24 4 40 50 144 48 15 
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tude, | 
Argument. 
Arg. I. — © Mean Anem. 
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III. A XII. of Longitude, viz. . J's equated * 
tude — O true Loggitude. 
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The argument of this Table is the latitude of the place in the 
left hand column, and the equatorfal parallax on the head; in 
the angle of meeting 1s the reduction of parallax; and in the 
ſame line in the right hand column is the reduction of the latitude. 
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Tasze for finding the Moon's Diameter, 
Argument. Equatorial Parallax 
[Equat. Par. D's Diam. Equat. Par. J's Diam. | 
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54 © 29 26 58 0 | 31 37 
54 10 | 29 31 58 10 | 31 42 

$4 20 29 37 58 20 31 47 
$4 30 | 2942 | 5830 13153 | 
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56 20 30 42 | 6020 | 32 33 
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TABLES rox rinvinG ru MOON?*s HOURLY MO- 
TION in LONGITUDE axyv LATITUDE, 
I. For the Moon's Hourly Motion in Longitude, 


Argument V. of Longitude, viz. 2 ) à O— d's Mean 
. _ Anomaly. 
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II. For the Moon's Hwy: Motion in Longitude, 


Argument XI. of Longitude, viz. the corre& Anomaly of 
| the D. 
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T anrzs for finding the Right Aſcenſion of the Moon, or any Star; 
its Longitude and Latitude being gi 
ceeding 60. 
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given e the Latitude not ex- 


o. S, with north latitude. 


| —_—— 6. S. with ſouth latitude. 
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. 8. with north latitude: 
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Longitude Fi 8. with ſouth latitude. 
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Tasks. for finding the Right Aſcenſion. 


2 ©. S. with ſouth latitude. 
Langitude 75" 8. with north lathude- 
BD. I I 
L 30 4 
el 174.10 ˙ AAA bi? 
9.23 5447 49|1 11 45|1 35 43/1 59 44 
1123 5347 48|1 11 43/1 33 49|1 59 392 2 
223 52147 461 11 401 35 361 59 332 
323 $1147 43] 11 3601 35 301 59 262 
42347 397 11 311 35-2311 59 122 
| 5123 4947 35/1 11 2601 35 15 59 6% 
423 47]47 31|1 11 20% 35 6/1 58 54|2 
723 45147 2711 11 13/1 34 561 58 402 
9 23 4347 23[1 11 51 34 45|1 58 25/2 
923.4421 51 34 3201 8. 8ʃ2 
10 23 3747 121 10 45/17 34 181 57 502 21 23 
1123 344) 5/1 10 34/1 34 31 57% 302 20 58 
110 2201 33 471 57 $129 314 
110 914 33 291 36 45% 20 3 
2.8 133 19 56. 2212. 19. 33 
9 42/1 32 501 55 562 19 1 
9270/1 32 291 55 2802 18 2) 
9 11/1 32 61 54 592 17, 5 
8 53]1 31 42 1 64 29% 19, 14 
8 34/131 121 53 22.16 35 
; 8 14/1 30 50|1 53 23|2 I5. 54 
45 7 531 30 221 52 472 15 11 
| 7311 29 5311 52 102 
| 7 91 29 231 51 3112 13 39 
144 3714 6 4611 28 51]x 50 5112 12 5of 6 
2522 14|44 211 6 22|1 28 18|r 50 92 1 
26122 6144 4j}z 5 5% 1 27 4411 49 252 
27131 $7143 47]1 5 301 27 81 48 402 
28021 4843 291 5 21 26 37/1 47 5012 
29121 3943 10% 4 33/1 25 521 47 42 
39 21 2942 80/1 4 311 25 1111 46 13[2 
4 29 | 3® 4? $9 
Longitude J 5 8. with ſouth latitude, 


11. S. with north latitude, 


Longitude. 1 
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TABLES for. fnding the Right Aſcenſion. 
1. S. with north latitude. 
7. S. with ſouth latitude. 
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8. with north latitude. 
10. S. with ſouth latitude. 
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10. S. with north latitude. 
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Tastxs for finding the Right Aſcenſion.” 
. x. {| 1. 8. with ſouth latitude. 
Longitude 7. S. with north latitude, 
2 | 0p 
bp | IS 
Be... 20 0 * 1 62 
1 1 _ — * — — — 
021 29 42 501 4 31 25 11/1 46 132 7 1930 
1021 19 42 29/1 3 321 24 291 45 202 6 79 
221 9 40 8 1 3 I 23 4661 44 252 5 128 
1020 58 41 46 1 2 27 123 1/1 43 292 3 3327 
420 47 1/41 231 13/1 221001 42 3112 2 43 j26 
5129 35/41 % 1.181 21 281 41 31]2 13325 
6| 20 23 45 36 0 o 421 20 391 40 292 © 134 
7120 10 40 1 41 19 491 39 251 58 38123 
9 19 57,39 45 0 59 25|r 18 57 38 19/1 57 39ſ½2 
919 44'39 13 0 58 45]1 18 311 37 1241 56 13 
1 19 3% 80 510 58 3/1 ½ 712 36 3/1 54 84 
11119 1638 on 57 21|1 16 101 34 5211 53 2819 
1219 2137 54,9 50 37 15 1111 33 391 51 5918 
13] 18 47, 37 o+ O 55 52|1 14 11/1 32 241 50 28| 7 
14] 18 3236 53 0 55 6|[tr 13 101 31 71 48 35116 
15118 16 36 220 54 19112 752 29 47 47 1915 
16618 035 49 3 53 3101 11 211 28 251 45 41/14 
7117 4335 16 0 52 4 9 55% 27 11 44 113 
18017 2634 420 51 50 8 4711 25 35|1 42 1812 
19917 934 7 9 50 21 7 3701 24 811 42 33901 
20 16 51 33 310 50 311 6 251 22 3938 4610 
21016 3332 5419 49 81 5 1111 21 81 36 56 
22] 16 141.32 170 48 12|t 3 5641 19 35]1 35 48 
23015 5531 3 391047 155 2 391 17 3911 33 97 
2418 35 31 34052 1601 1 21/1 16 2:11 31 12] 6 
2515 15 30 20 0 45 1661 0 21 14 411 29 135 
26014 55 29 39/9 44 15 o 58 4111 12 59 27 121 4 
27] 14 34 28 57 0 43 130 57 181 11 151 25 8 3 
28 14 13 18 15 0 42 90 55 Fa 1 9 301 23 221 
29013 5% 27 32 0 41 40 54 2801 7 43/1 20 33] 1 
39.3 29 26 48 0 39 80 53 of1 4 18 41.9 
1 38 20 | FE: 4 5 6 
Lengitude 4. S. with ſouth latitude. 
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T ants for findug the Right Aſcenſiau. 


2.8. with north latitude. 


— A a —— 
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9. S. with ſouth latitude, 


| + | 
| Longitude + S. with north latitude, 
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Longitude f 8. 8. with fouth latitude. 

62 * 4® * 25 10 5 
„ OY nl es pe FT #1. 0-107. N33 
91 2451/1 10 11] 55 44 [4r 30127 2913 39| 30 
111 22 32[1 8 16] 54 12 40 22|26 4313 1629 
21 20 111 6 19 52 39 39 1225 57/12 5328 
31 17 47]1 4 19 51 438 125 1012 30 27 
2201 2 17] 49 27 35 4924 2212 626 
31 12 50x © 13] 47 48 35 35 23 33/11 4225 
611 10 1880 58 7 46 834 2022 4311 17] 24 
77 430 55 59 44 2633 4/21 5210 52/23 
8]: 5 6[o 53 49 42 4231 4/21 110 2622 
9 2 26 O 51 37 40 57 30 2920 910 027 
100 59 4419 49 22] 39 10 [29 919 17] 9 3420 
110 56 590 47 637 22 27 4818 24] 9 819 
120 54 1200 44 48 35 33 26 2617 30 8 4118 
3 51 24/0 42 29] 33 4225 416 358 1417 
140 48 34/0 40 831 50 23 41]15 40 7 47}16 
150 45 4210 37 45] 29 57 [22 1714 44] 7 19] 15 
1610 42 4800 35 21] 28. 3 20 52|13 480 6 5714 
1710 39 5200 32 56 26 8 |19 2612 51] 6 2313 
1810 36 5510 30 29 24 1217 591 54} 5 54þ12 
1910 33 56/0 28 1 22 14 |16 3210 56 5 25|1: 
20]o 30 55lo 25 32| 20 15 [I5 4| 9 58] 4 5610 
2110 27 5310 23 2| 18 16 |13 35 8 59] 4 27| 9 
220 24 500 20 31] 16 16 [12 66 8 o 3 58] 8 
23]0 21 4600 17 59 14 16 10 36] 7 1 3 287 
240 18 4ljo 15 26 12 15 | 9 6 6 1} 2 59| 6 
25 jo 15 3600 12 53] 10 13 | 7 36] 5 1| 2 29 5 
2610 12 300 10 19] 811] 6 5] 4 1| 1 59] 4 
2712 92310 745] 6 9| 4 34] 3 1| 1 30 3 
28jo 6 16ſ0 510] 4 61 3 3] 2 of 1 of 2 
2019 3 80 2 3x57. 2: 31 32 1: 0 o 30 1 
zojſo 0 0jJo 0 of 0 of © 
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74e for finding the Right Aſcenſion. 


. 2. S. with ſouth latitude. 
Longitude 6. S. with north latitude. 
3 | — bg 3 
. Eee 
* [fra ww _ rr 
o|13 2926 4839 5853 o[1 5 5411 18 41] 30 
1113 626 338 5rj5rt 31 [1 4 311 16 2729 
| 212.4325 1737 43]50 0©o[1.2 10|1 14 11] 28 
| 3112 2024 3136 3448 28|1 151 11 54|27 
4523 44135 23146 54] 58 1801 9 37 25 
5 11 32022 5634 11045 190 56 2001 7 1425 
6611 8122 7132 58143 430 54 20ſt 4 5124 
7110 4321 18131 44/42 510 52 18[1 2 26] 23 
| 8 |10 18120 28130 2940 2610 50 1440 59 58|22 
| 91_9 52119 37129 13]38 45]0 48 90 57 28]21 
109 26118 4527 5737 310 46 20 54 56 20 
i1] 9 ofi7 5326 4035 200 43 54/0 52 2319 
| i2| 8 33]17 25 22133 3600 41 440 49 4818 
tz] 8 6116 7]24 331 5110 39 3310 47 1117 
14| 7 39|15 322 4230 40 37 2110 44 33116 
157 1214 19|21 20|28 1610 35 70 41 5415 
16| 6 4513 2419 58|26 270 32 5210 39 1314 
17 6 17/12 2918 3524 3800 30 360 36 31133 
18] 5 4911 33|17 1222 480 28 190 33 4712 
19 5 21/10 37]15 4820 52/0 26 10 31 2011 
20 [J 52| 9 4014 2419 5% 23 420 28 16 10 
21 4 23] 8 4312 5917 1200 21 2210 25 29 of 
22| 3 54 7 4611 3315 19]o 19 1[o 22 41] 8 
23]. 3 25] 6 48110 713 250 16 400 19 53] 9 
24| 2 56] 5 50 8 41/11 31 o 14 1800 17 41 6] 
25| 2 27] 4 52] 7 15] 9 360 11 5600 14 14| $5] 
26| 158] 3 54] 5 487 4110 9 3410 11 24] 4 
27| 1 29] 2 56] 4 21] 5 4600 7 1100 8 34| 3 
28] 1 0 1 58] 2 54| 3 51/0 4 4810 5 43| 2 
29 o 30 o 59] 127] 1 56]o 2 24]0 252| 1 
30] Oo o of o oo olo. o 'Ooſe o of ©] 
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L PE 3. S. with ſouth latitude, 
Ong 9. S. with north latitude. 
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Tn for correfling the Eliptic Declination, 
Subtra® the numbers in this Table from the Latitude. 


| Fetfpric Latitude of the ſame name with the Declipation. | | 
| Declin, © : C7 | F 
- 1 2 $153; $: ib: $1 oz L 
. ——— — © > 6-6 2 — rn 
5 n eke 3 1 . 1. if þ 
D 4 889 56% 55 [19 54|24 54! 29 54 | 
14589 5614 54 | 19 53 | 24 53 29 52 
2 4571954014 % % 4% 24 % 2 45 | 
3 [455[9 49[ 14 4319 392436 29 33 
[+ [4511942124 3919 27 | 24 22 29 16 | 
5 144 33/4219 124 2 28 54 | 
6 440 224 5 18 49 23 37 28 24 | 
2 1339 83 468 2523 6 27 49 ; 
| 8 [4258 531323 / 55 [22129 27 5 | 
| 9 84178 36 12 57 | 17 21 | 21 47 26 14 
x — — — — — — — — 
fe 488 17] 12 28 16 42 | 20 58 25 16 
4 II | 358756 11 56615 59 | 20. 4 | 24 12 
| 12 3 46 7 32 | tt 2015 1219 5 23 1 
1 E. 3337 610 41 14 20% 18 21 43 
14 3 19638 9 59 13 2216 48 2017 
1 3 732 25 3218 45 
= 2 45 5 33 8 23 1114/4 9 17 4 
17 [228 4 58 72910 .3| 12 39 15 16 
18 298419 6 31 8 45 11 2 13 19 
TTT en 
| 20 |126|254| 4 23 554| 7 26 8 59] 
| „% T1:% 1314-20] 5 22 | 6:36 
| 2 o 0-1 118] 158] 236 3-38: 14:81 
; 23 [0 13.ſ[o 6j.0 300 n 
o o 0e o| od. © © 1 7 
=! 2 * 4 2 8 ' my $22 
} ' 'The ſum of the diminiſhed latitude and echptic declination, 
with tlie ſign of either, is the declination required. | 


u for correging the Edliptic Declination. 
Subtract the numbers in this Table from the Latitude, 


* a 18 


py 2 ö e ee, en. 
| ro The Latitude and Declination of different names. 


' — 
Br — _ — — — — 


* 
— 


bel f e e 14 6b ole 
8 PLE 7 2 i 1 'n | 
64389 56 14 5519 54|24 54 | 29 54 | 
1 4589 55 14 5319 51124 51 | 29 50 
2 4579 5214 4819 44 24 12.39 
3 4 54 9 47 14 40 | 19 32 24 27 29 21 | 
41 45939 4 28] 19 16] 24 6] 28 55 
5 1445 [9 29 14 1318 56 23 40 | 28 23 
6 84391918 13 55 | 18 33 23 10 27 46 
7 4329 5 13 34/18 0, 22 35 | 27 3 
8 [4248 49 | 13 1017 34 | 21 55 | 26 14 
9 [4 i5|83 3112 44 | 16 58 | 21 10 | 25 20 


1-23-73 32e 6 59 10 26] 13 $52] 17 18 20 41 
14 316]6 31| 9 44 | 12 55 | 16 6 19 15 
— — — . X—ABAh p. 
15 1 6 O 8 58 11 54 14 49 17 43 
16 2 455 26 8 810 4813 2616 4 
17 2 274 50% 7 15| 9.37 | 11 586418 
18 „ $:1 6:13 / 188 21 [10 24 | 12 25 
LED LEAD AL ESL. 
| 20 l 252 50 4 1385 36 6 588 19] 
21 5 22 [ 04 SETS 
22 0 381116 1 54 231] 3 7 3 43 
23 E III 0:60 FF LT - $008 
239228] o [% 6! 6 0 O of o o| o of 


The difference between the diminiſhed latitude and the eclip- 
tic declination, with the ſign of the greater, is the declination 
ſought. 
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745 TEU of the Mean Motions of the Moon from th? Sun. 


[EE TT 
1701 | 9 20 47 17 
17931 | 2 4 12 47 
1791 [10 4 49 47 

B 1792 2 26 38 39 
1793 y 01106 4 
1794 II 15 53 29 
I 
B 1796 | 8 17.19 475 
n 
1798 5 6 34 35 
1799 9 16 12 © 
1800 1 25 49 25 
1801 6 3 26 49 
190 J-10 14 : 4 $5 j| © 
1803 | 2 24 41 30 
B 1804 7 16 30 31 
1805 | 11 26 7 56 
i806 | 4 5 45 20 
1807 8 15 22 45 
B 1808 | 2x 7 11 3) 
1809 5 16 49 3 
1810 9 26 26 28 
1811 3 6 34 
B 18126 27 52 47 
1% „„ 7 $0 13 
1814 | $ 17 738 
1815 7 26 45 3 
B 1816 o 18 33 56 
1817 4 28 11 22 
1818 | 9 7 48 47 
I81 I 17 26 13 
B 1820 6 9 15 6 
1821 10 18 52 32 


In months after February of biſſextile years 
- from the time found by the Tables. 


Years complete. 
3 
T 1937 24 
2 | 8 19 14 49 
3-7] 025 $2. 14 
B 4 5 20 41 6 
1 10-0 19.30 
6 | 2 .9 55 54 
7 | 6 19 33 19 
10.8; 1.24; 28 22-40 | 
9 | 3 20 59.36| 
ID; 1.939 $7.9 
11 O 10 14 24 
B 12 $7424 - 3:46 
I3 | 9 11 40 40 
IS |: 181 18-3 
is | 6_ 0 55 30 
5 16 ] 1023 4421 
17 5 210 
18 7 11 59 10 
x9" 136 
B 20 4 13 25 26 
Months. 
F 
January 00 
February | © 17 54 48 
| March 11 29 15 16 
April 0.19. 10 3 
May o 22 53 23 
June I 10 48 11 
July „ 
Auguſt 2 4 26 20 
September] 2 22 21 8 
October 2 28 4 29 
November | 3 15 59 16 
December | 3 21 42 37 
ſubtra& one day 
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745120 of the Mean Motions of the Moon from the Sun. 


| Days. Hours and Minutes. | | 
— H. 0 ft H. S] / " 
C2377 8 / RE 8 | - 1 | 
1 | o 12 11 27 n | wm un nn wan L: F 
2 | 0:24 22 53 I | © 30 29 || 31 | I5 44 48 

. 21 00 57 || 32 | 16 15 17 
41 18 45 47 31 31 26 || 33 | 16 45 45 

E SIN 44 2 1543844 17 13 
— — — 5 2 32 2335 [17 46 42 

6113 8 40o( — — — 

10 6| 3 2 52 |] 36 | 18 17 10 

8863 731 33 21 3 33 20 || 37 | 18 47 39 

953 19 43 © 8| 4 349 || 38 | 19 18 7 ; 
10 4 I 54 27 9| 4 34 18 || 39] 19 48 36 
— — — — 105 44640 20 19 5 

Il | 4 14 5 53 — — — 

Fs 20 17 20 IT | 5 35 15 || 41 | 20 49 33 
CF 20 47 12| 6 $5 43 || 42 | 21 20 2 
14 | 5 20 40 13 13 6 36 12 || 43 | 21 50 31 
18 6 :2 15-40 14 7 6 41 || 44,| 22 20 59 
——_ _————. 1.7 CS 
16 615 3 7 | [—|———_—_—_|—_- 

17 6 37. 14 33 168 7 38 || 45 | 23 21 56 
18 7 9 26 © 178 38 64723 52 25 
19] <9. 81.37 27 189 8 35 || 48 | 24 22 54 
20| 8 348 53199 39 4 || 49 | 24 53 22 

— — ä —— 20 | 10 2 || 50 | 25 23 51 
2 8 16 o 20 „ 9 3 19% 79, 28, 92) 
26 8-28 11547 21 | 10 40 1|| 51 | 25 54 19 
23 9 10 23 13 22 11 10 30 || 52 | 26 24 48 
24 | 9 22 34 49 | | 23 | 11 40 59 || 53 | 26 55 19 
25 | 10. 4 46 7 24 | 12 11 28 || 54 | 27 25 45 
— ——— 25 12 41 56 || 55 | 27 56 14 : 
2610 16 57 33 .... 3 
27 | 10 29 9 © 26 | 13 12 25 || 56 | 28 26 43 
28 | 11 11 20 27 27 | 13 42 54 || 57 | 28 57 12 
29 | 11 23 31 53 28 | 14 13 22 || 58 | 29 27 40 
130 9 54320 | | 29 | 14 43 51 || 59 29 58 9 
31 | 017 54 47| | 30 | I5 14 19 || 60 30 28 37 
. a De hk m. | E 

A Lunation = 29 12 44 3 
Half a lunation = 14 18 22 2 


r 


* — 


2 ˙7—Yv—v—v— c 3 ͤ· Ee A ²» — n m AGE AN IS 
» 


— — — - 
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TABLES or MERCURY! MOTIONS. 


The Mean Motions „ Merevry i in Currint 7 ears. 


m r * *** 


** 8 


* or THE PLANETS MOTIONS. 


EY 


1. Longitude. 38 þ Apogee. Node. 
"FAD T Tings. ſs a 77 6 
476 4 16 23 5e 8 13 44 17 [115 28 39 
17815 1 11 578 14 3 2115 43 5 
1791 | I 6 33357 | $8 14 12 24 | 1 15 50 18 

B i792 | i 4 22 13 8 14 13 20 | 1 15 51 1 
1793 2 28 5 16 8 14 14 16 | 1 15 51 44 
1794 4 21 4819 8 14 15 12 | 1 15 52 27 

1595 f 6 15 31 228 14 16 8 1 1 33 w 

B 1796 | 8 13 19 58 | 8 1417 G | 1 15 53 55 
1797 [io 7. 3 1] 81418 2| 1 15 54 38 
1798 0 046 4 8 14 i8 58 1 15 55 21 
1799 | 124 29 7 $ 14 19 55 | 1 15 56 4 
1809 | 3.18 12 10 | 8 14 20 51 | 1 15 56 48 
150% is 11 13 3 in 21-47 1 T1385 £7 {31 

1852 | 7 $5 38 16] 8 14 22 43 | 1 15 58 14 

13803 | 8 29 21 19|_ 8 14 23 39 |_1 15 58 57 
B 1804 | 10 27 9 55 | 8 14 24 36 | 1 15 59 41 
 -» $004 {06,2082 £818 1a 35 '33-] -1 26.0 24 
$300.14 12-44 $6 23]. 5 14. 26 29 1.16 1 5 
„ a1 514 27 '25:1 -1 20:10 55 

B 1808 6 6 7 40] 8 14 28 21| 116 2 34 
1809 | 7. 29 59 43 | 8 14 29 17 | 1.16 3 17 
1610 9 23 33 46 | 8 14 30 14110 4 1 

- 1811 | 11 17 16 49 | 8 14 31 10 | 1.16 4 44 

B 1812} 1 x5 525] 8 14 32 61 16 5 27 

e een 2] 1:26: 6: 1Þ 

. 18141 (6. 2.30 3x j- 8 14 $3 58 |. 126 6: 59 
1815 | 6 26 14 34 8 14 34 54 | 116 7 36 

B 1816 | 8 24 3 10] 8 14 35 50 1 16 8 19 

i817 | 10 17 46 13] 8 14 36 46 | 1 16 9 3 
1818 [0 11 29 16] 8 14 37 42 | 1 16 9 46 
i819 | 2 5 2 19 8 14 38 39 | 1 16 10 29 

D 18920 | 4: 3:@ $51-$ 14-29. 35 16 11 12 
i821 | 5 26 43 58 S 14 40 31 | 1 16 11 55 
1841 | 6 11 32 5o | 8 14 59 16 | 1 16 26 21 | 


LW 1 
Mercurys Mean Motion in Julian Years. . 


9 — 


| 


— 


| 


| Longitude. | Apogee. Node, 
— —1— — — 7 — — PRI 
Years. $8 "14-183 0 88 
, | © wag {| 
2 :34726/7iþ d 1 52 4,0 89:4} 
3 5 11 9 10:| 0 249 {| © 210% 
3 4 7 85746 0 3 45 [ 2 53 
5 9 24 50 | 0 4 4t 0 3 365 
6 10 26 23 53 o 5 37 00 420 
1— — — — —ä— ä — — 
7 o20 655 [0 644 | © 5 3-1 
B. 8 2 17 55 33% 7 30 | 5 46 | 
| 98 4 Il 38 36 2 0 8 26 3 6 30 ö | 
10 6 5 ⁹— 40 4- 0--9-23-- E- 7 
$1-j 729 443 4.0 10 219 i. @ 7 56- | 
| Biz | 92653 19 four; | e 840 
| 13 11 20 36 23 | 0 12 11 9 23 
| 10 + 


I4 x 14.19 20: JT v7) 
15 3 8 229 | 0 14 4 
| 5. $:$4.: 0:1, 0 .$8..0 
i7 | 6 29 34 9 | 0 15 56 
| 
| 


0000009 
— 
Oo 
S S 


18 8 23 17 12 o 16 52 12 59 

19 eg: 0 16 O 17 49 o 13 43 

B 20 o 14 48 52 | 0 18 45 | © 14 26 

B 40 o 29 37 44 | 37 30 | © 28 52 

B 60 1 14 26 36 | © 56 15 o 43 18 
„ 5-40-0648 | © 10-6 0 57 44 

| Bico | 2 1 12 10 


14 4 20 


TX 


Mean Motions of Mereury 


P 
- — — — — ” > « . — 0 - — — — — 


Mercury's Mean Motions in 
Months. 

| Longitude, Apo. Nede 

Ss © 8 if a [: mf 
Januaryo o o © o| © 
Feb. 4 6 51 50) 5 | 4 
March |8 1 27 1097 
April ſo 8 18 50 14 | 11 
May 4 11 s 19118 | 14 
June 8 17 56 56 23 | 18 
July ſo 20 43 13 28 | 22 
ugui4 27 35 . 2 33 | 25 
Sept. 9 4 26 51] 37 | 29 
OQtob. |t 7 13 842 32 
Novem.'s 14 4 57, 47 | 36 
Decem. 9 16 51 14 51 140 


In January and February of 


biſſextile years take away a day 
from the time. 


in Days 
F Longitude. Apo. Node 
e 
e 
-< 11 5 © O | 
3 12 16 30 11 
16 22 10 1 | 1 
SP 2037 4311 | x] 
600 24 33 15] 1 2 
| 7o 28 38 48|-1 | 1- 
1 244 20 1 | 1 
og: 6 49 53 2 
let 10 55 20 211 
111 15 o 580 2 | 1 
12/1 19 6 gil 2 | 2 | 
13]! 23 12 3f 2 | 2 | 
1441 27 17 36| 2 | 2 
Is '1 23 8þ 2 | 2 
162 5 28 41] 3 | 2 
172 93413] 32 
— M44 
1912 17 45 19] 3 2 
2002 21 50 51] 3 | 2 | 
2102 25 56 24| 3 | 3 
223 0 156 4 | 3 
3313 4.730. 4 1] 3 
29s 013 234 | 2. 
253 12 18 34] 4 | 3 
263 16 24 7| 4 | 3 
«715 <2 29 39 4 | $ 
283 24 35 12 4 | 3 
3 25 420444] 3 
Rt 240.071 514. 
314 651 gol 's | 4 


L Hh 


Mean Motions of Mercury in Hours, Minutet; and Setonds, 


H. Ss. 0 One 0857 35 72 
/ | „ 950 . 
ll e e Jt „ mm mw} 
t. |}. 09 10 14 l 31 5 17 9 
2 |. 0.20 28 |} 32 | 5 27 23 
3 | 30 42 [ 33 | $37 37 
» 1: eee N': 34 $47 51 
[| $: {8:97 195 [088 558 5. 
x1 33 830 6 8 19 
a My; 3 6 18 3 
; 91 $7. 38 6 28 8 | | 
9. | 1:32.51} -39;| 6.39.9; 
10 1 42 19 40 | 6 49 14 
11 12 $3 41 | 6 59 28 
122 2 46 427 9 42 
13 | 213 fl 43 | 7 19 56 | 
1] 14 | 2 23 14 44 7 30 10, 
3h, F498 28 ||. 45, | 749 24 |, 
16 | 2 43 42 45 | 7 59.38 | 
17 | 2 53 56 || 47 | 8:0 52. |. 
5 3, 4 10, [ 46 8 11 6 | 
19 | 14 24 || 49 | 82120 | _ 
20 [ 3 24 38 50 | 8 31 34 
21 |. 3 34 52 [5 8 41 48 
„ 3 $0035.35 | 
23 | 3 55 20 || 53 | 9. 2.16 
24 4 - 53 34 ,1þ 54 9 12 30 
45 | 4 15 48 |} 55 9 22 44 
20. , 4 36. 2 56 | 9 32 58 
27 J 4 36 16 || 57 | 9.43 12 
28 | 4 46 30 |} 58 | 9 53 26 
29 | 4 56 44 59 | 10 3.40 | 
zo | 5 658 || 60 110113 54 
5 | 0 iy 1 


„ C— 9 Om__——o 
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'. Rynations of Mercury's Centre. 


Argument. Mean Anomaly of Mercury, 
n $i - | — 8. 
0 E 1 ; HOLT W 5 0 rin lis. 
o'0'0'|ig3442 | 17.46 33 |, 
E 19 36 *| 9 52 56. 8 og 29 
0 39 11 10 11 4 18 14 27 | 28 
o 58 46 10 29 6 18 2756 27 
118 21 | 10 47 2 [18 41 12 | 26 
1 $f. [| 4652. | 3854 14 gs; 
2 57 28 2 35 19. 7 4 || 24 
219 de | 1919 36. | 23 
2 36 31 11 37 42 $9 30 7” | | 22 
256 © | [1215 5 19 44 $8: | er 
3 15 28 | 12/32/21 | 19 56 1 20 
3 34 44 | 12 49 30 | 20 7 40 | 19 
5 e TIES 2 45 er FF. 
„ien see 19 $ 18 
4 13 40 13 23 24 | 20 30 1117 
4 $3 05111340}; 0 | 25 401 . 16 
4 52 18 13 56/46 20 51 40 |: I5 
3 11 32 |! 14 13/14 2 2 © | 14 
3 30 44 14 2934 25.19 „3 
3 49 53, 14 45 45, 2 2151 12 
6 8 4915 1 46 2 3121 [11 
633; [13738 [2 49 33.10 
647 2, | 15 33 21 21 49 27 |. 9 
7_5.56-]| 13-43 '5s4*|- 28 58 4 | 8 
7,24 47 1 417 | 22 622 7 
meteors ͤ kb — DD—ꝓä—— 
7.43 34 || 16 39 29 | 22 14 21 | 6 
8: 2 17 16 34 31 22 238 5 
8 20,56 | 16:49 22 | 22 = S 23 4 
8.39 39 || 17,4 2 | 22 36 24 | 3 
8 J. 1.17.18 31 22 43 5 2 
9 16 23 17 32 48 22 49 26 1 bo 
9 34 42 17 46 53 | 22 55 26 oO 
+ 11 Sa |, +2 8. 


1. 


Equations of Mercury's Cemre. 

Argument. Mean Anomaly of Mercury. 
0 —5 8. 
1 21 o [1 . 2 U u - f 16 Q 
a | 22 55 26 22 45 28 14 55 11 30 
1 23 1 5 22 37 50 | 14 39 35 29 
2 23 6 22 22 29 40 14 6 9 28 
3 23 11 18 22 20 58 13 40 53 27 
4 23 15 $52 22 11 43 13 13 7 a6 
r 57 12 48 52 25 
6 23 23 51 21 51 37 12 22 9 24 

1123 27 3 21 40 44 11 54 28 23 | 
"$:- | i 24:49:38 21 29 18 1127 21 | 22 
9 23 32 55 21 17 19 10 59 17 | 21 
6... 21 4 46 10 30 48 20 
Fr | 39 IO EED 
ffs | —_— — — 4  cw_—_— __—___—_—_— ———— 
1s; [23.4821 | 20:87 539 | FEW 18 
13 23 39 30 20 23 45 82 3 94 2 
14123 39 53 2 6 8 32 5916 
15 | 23 39 59 | 279 53 33 8 238} 15 
16. |. 23 39 39 | 39 37 37 7 31 581 14 
17 23 38 53 19 21 7 1 9 
18. 23:37:38 | 9 4= 6 29 44 | 12 
19 23 35 57 18 46 21 5 58 1211 
20 23 33 4 18 28 7 5 26 2610 
21 23 31 11 18 9 20 4 54 26 | 9 
22 | 2328 5 | 17 49 38 4 22 15}. 
23 23 24 39 17 30 3 34952} 7 
24 23 20 26 17 9 34 3 17 20 | 6 
25 23 15 52 | 16 48 37 2 44 39 5 
26. 23 10 4 16 26 56 2 11 51 43 
27 || 23 514 16 4 138 58] 3 | 
28 22 59 10 15 42 5:44 1.3 2 
29 22 52 34 15 18 55 © 43: 1 I 
30 22 45 28 14 55 11 o Yo 
8. | — 7 — 25 8 


CE” 


| 
| 


8 


o 
* = — 4 7 1 
% 4 — ä—— — ne- eee „ ee, n nn e Nd e ee 
r | ; y * — — — 


— — 6t— 2 . 
F 


Po 
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TLogarithm of Mercury's Diflan:es from the Sun. 


Argument. ' The Mean Anomaly of Mercury. 


* 


18.2 20 5 2 8. 
o 4.669131 4.662 120 4.640896 z0* 
1 4.569123 4.661643 4.639940 2989 
2 4.569100 | 4.661151 4.638968 28 
3 4.669061 | 4.660643 4.637980 27 
4 4.669006 4.660119 4.536976 26 
5 4.658936 | 4.659579 4.635956 25 
6 4.668851 4.6 59024 4.634920 24 
3 4.658759 4.658452 4.633868 23 
8 4.658633 4.657864 4.632800 | 22 
9 4.668501 4-657261 |. 4.631716 | 21 
x0 4.668353 4.656642 | 4.630615 | 20 
\ 1x | 4.658190 4.656007 4.629501 | 19 
12 | 4.668012 4.6553 56 4.628370 18 
13 4.667317 4.054638 | 4.625223 | 17 
I4 4.657607 4.654005 4.626060 | 16 
WD -- 4.667 332 4.6 53 306 4.624881 | 15 
A — — — — — — 
16 4.667141 4.652501 4.623687 14 
17 4.666884 4.651860 | 4.622478 13 
18 4.666612 | 4.651113 4.621253 12 
19 4.666324 4.6503 50 4.620012 11 
20 4.666020 4.649571 4.618756 10 
21 4.66570 (4.648775 | 4.617485 9 
22 4.665365 4.647964 4-616199 8 
23 4.665014 [4.647136 4.614898 7 
24 4.664648 4.646293 4.613578 2 6 
25 | 4.664266 4.645433 4.612251 5 
26 4.667468 ; 4.6445 58 4.610905 4 
27 4.663455 4.64366) | 4.609545 | 3 
28 4-663026 | . 4.642759 4.608170 2 
29 4.662581 | 4.641825 4.60678 10 1 
30 4.662 120 4.640896 4.005378 O 
T1 OR: 9 


_— 


— 
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8 Logarithms of Mercury's Diſtance from the Sun. 


Argument. ' The Mean Anomaly of Mercury. 
DP FAM i 


ee 


4.605378 
4.693961 
4 602530 
4.601085 
4.599627 


4-598155 


— —— 


4.596671 


4595174 
4.593664 
4.592142 
4.590608 


— — —— — 


| 4.589962. 
4.587505 
4-53 5937 
4.584358 
4.582768 


4.581168 
4.579558 
4.577939 
4.576311 
4574975 


—  — — 


4-573030 


4.571378 


4-569719 
4-568053 
4-506381 
4.564704 
4. 563022 
4.561335 
4.559645 
4.557951 


8 


; 


— FOGERTY”. MLPe"re 
4.557951 [4.509939 
4.556255 4.508606 
4.55455) 4.507302 
4552859 | 4506030 
4.551160 | 4-524791 
4.549462 4-503585 
4.547764 | 4-502416 
4.546269 4.501283 
4.544377 | 4.500186 
4.542689 4499129 
4.54 4.498113 
4.539328 | 4.497137 
4.537656 | 4-496204 
4:535993 4.495314 
4.534338 | 4-494470 
4-5332093 | 4-493671 
4.531058 | 4-492919 
4.529435 4.492215 
4.527825 4.491557 
4.526229 4.490950 
4.524648 4.490393 
4.523084 | 4489887 
4.521537 4.489432 
4-520009 4.489029 
4.518501 4.438679 
4.517014 4.488382 
4.515548 | 4.488138 
4514107 | 4-487948 
4-512691 4.487813 
4.511301 | 4487732 
4.509939 4.487704 
1 


— 


— 
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The Inclination of Mereury's Orbit, its Reduttion to the Ecliptic, 


1 x 


and the Logarithm of Curtation. 


Argument. Heliocentrie Long. — the Long. of the N. 


_— 


1 —_ | f - 53% 568 Mike — 
8.—6 Log. — Log. 
Inelination. Reduc. Curt. Inclination. Reduc. ] Curt. 

N T. #0 - . 1 

oo 0 %o of 329 17 f 5 805 30 
110 718 27 1 3 35 35 [11885529 

20 14 36| 0.53] 4| 3 41 49 f 30 90928 

3% 21 54 120 93 47 59 |11 429562 
410 29 11 [1 47] 16 || 3 54 5 [11 52010326 
I S490: 7112211200125) 
| 60 43 43 | 2 39] 35 [| 4 6 4 |12 1:[1114|24 

710 50 59] 3 5] 48 f| 4 11 58 [12 1916823 
810 58 13 | 3 31] 62 || 4 17 4612 26|1222| 22 
gfx 5 26] 3 57] 79 || 4 23 30 [12 32127721 
11 12 384.22 97 (4 20. 912-371 1333129] 
11] 1 19 49 | 4 47] 117 [| 4 34 43 |12 41] 38819 
12] 1 26 58 | 5 12] 139 || 4 40 1212 4544418 
13] 1 34 6 5.36] 163 || 4 45 36 |12 47] 150117 
[14] 1 41 12 | 6 of 188 || 4 50 55 [12 48155716 
151 48 17 | 6 23] 215 || 4 56 9 | 12 49 1417 
76 1 55 19 6 46 244 FJ 1 17 12 48167014 
212 219] 7 9/27 %% 4772613 
18 2:10 19 | 7 381 397. xx 36 j12 4511763512 
19] 2 16 13 | 7 52] 341 || 5 16 812 42183911 
20] 2 23 68 13] 376 | 5 20.54 |12 35]18,5 10 
21 2 29 57 | 8 33] 413 || 5 25 34 |12 33] 1951] 9 
22] 2 35 45 | 8 53] 452 || 5 30 712 27] 2006] 8 
23] 2 43 39 | 9 12] 4g1 || 5 34 3512 2012060| 7 
2412 30 129 32] 532 || 5 38 57 |12 12] 2114 6 
25] 2 $6 51 | 9 48] 575 || 5 43 13 [12 312167]_5 
2663 3 27/10 5 69 F 47 22 |11 54/2220 4 
27] 3 10” 010 21] 664/|| 5 51 25 [11 442273 3 

1284 3 16 2910 360 710 || 5 55 22 [11 332325 2 

294 3 22 55 1051 757 [5 59 i2 [11 202375 IL 

30] 3 39 17 |11; 5| 805 |. 6 2 56 [11 7|2425| © 
rr Me 10 + . 

n 4 


[ % ] 
The Inclination of Mercury's Ortit, ite. Redudtion to the Ecliptic, 
and the Logarithm of Curtation. 


Argument. Heliocentric Long. — the Long. of the . 


| | + 2 8. 5 
Mp 22 Log. / 
| | Inclination. Reduct. | Dun. 
lr „ 1 
r —T} 
|. BF. . 3 | 2425 30 
Fix V' 644 |" "106 54 | 2479 1]. ue: 
e 10 39 2521 | 28 
| ki* ©. $9.26 10 24 2567 2 
| 4 } 6 16 43 10 17 | 2613 ]. 26 | 
18 9 5t | 2657 | 25 
TS 6 22 55 9 33 2700 24 
+ | 6255: | 9g 15 | 2741 | 23 
| -Þ 6 28 40 8 56 278r | 22 | 
9 | 6 31 21 8 36 | 2820 21 
10 | 6 33 56 | $8 16 | 2858 | — 
1299 1 991 2-13 
12 | 6 38 43 733 | 2928 | 18 | 
| 13 ö 8 49 55 321 | 2960 | 1 
14 43 1 | 2991 16 
1 [-6 44 38 624 2 | is | 
| 16 5 46 19 6.3 | 3048 14 | 
-* 34-4 64592 | 53% 33074 18: 
18 | 6 go 7 5 14 J 3098 12 
| 19 | 65135 44% | 3120 | I 
_20 | 64256 |. 424 | 3141 | 16.4 
2t | 654 9. |, 358 | 3159 | 9 Þ 
22 | 6 55 14 3 33 3176 | 8 | 
£4 + 5-96-44 +27 CT 
| 24 : $7 1 2 40 | 3203 | 6 | 
25 244. 214 |_ 3214 | 5 |} 
36] 55818 | 147 | 323 | 4 | 
| 27 6 58 45 121 3239 | 3 
28 | 659 4 © 54 | 3235, | #2 |} 
/ ITY 
Togo eget I 
1 2 
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TABLES or VENUS's MOTIONS. 


The Mean Motions of Venus in Current Years. 


| Years, | Longitude. Apogee. | Node | 
AE EI ES FL A $f -$:5 
1761] o 352 410 8 437] 2 14 31 59 
$9781 | 6 7 42 4> | 10 8 25 49 | 2 14 42 19 
1201 | 9.8 49 54] 10 8 28 55 | 2 14 47 29 
Die 4 25 13 $21 10:8 29. 44-] [2 14 48 © 
J PP 
„%%% ũr 45 21 F ro 8:91.02 | 2 14 99" 2 
17953 936 110 8 32 11] 2 14 49 33 
B 1796 10. 25 0 381 1o 8 33 0 2 14 50 4 
1797 | 61947 8 10 8 33 40 | 2 14 50 35 
1793 | 1 25 34 38] 10 8 34 38 | 2 14 51 6 
1909 1 9-10-22 84 10 8 3527.1] 2 14 51 37 
JJ) $:36- 13.1 2.14 52 $5 
ori © 047 04315 6 i397. 21 2 14 $2 39 
1992] 7 24 44 $5 $30: 837-51] 2 14 53 10 
1803 — 3 9 32 8 10 8.33 40 | 2 14 53 41 
B 1804 [10 25 55 45 | 10 8. 39 29 2 14 54 12 
180; | 6 10 43 15 | 10 8 40 18 | 2 14 54 43 
1806 ] 1.25 30 45 | 10. 8 41 7] 2 14 5; 14 
1807 | 9 10 17 5 fio. 8 4 36 2 14 55 45 
| B 1808 | 4 26 41 55 | 10 8 42 45 | 2 14 56 16 
1809 ][ o 11 29 2310 8 43 34] 2 14 55 47 
" 1810] 7 26 16 53| 10 8 44 23 | 2 14 57 18 
witli 317 4 23110 $45.12] 214 57 49 
B i$12 | 10 2/ 28 x] 10 8 46 1] 2 14 58 20 
1813 | 6 12 15 31 10 8 46 50 2 14 58 51 
1814} | is 8 % 30 2 14 59 22 
1815 [ 9 11 50 310 843 28] 2 14 59 53 
D 1816.1] 4 29 14 9 -19' 8 149. % 2 15 o 24 
1817 | 0 13 30 10. 8 50 6 we 0 00 
1848 7-27-49 -9-j-10- 8 50.55 | 2 15 1 26 
„ 29510 8:51 44] 2 15-1 559 
D 1029:1 16 290 17710 38\52<33] 2-235 2 28 
827 } 6 13.27 47 ['o 8 53 22 | 2 15 2 59 
1841 | 0 17 38 23 10 9. 9 34 2.15 3 * 
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The Mean Motions of Venus in Fulian Years. 
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| 


Years. 


Longitude. 


z «7. 


7 14 47 39 
2 29 35 0 
10 14 22 30 
6 045 7 
I 15 33 37 
90/227 
4 15 8 37 
0-57 3&3 IS 
7 16 19 44 
r 
10 15 54-44 
6 2 18 32 


11 3 3% 
9 1 53 21 
4 16 40 61 
9 3 4 29 
70 $*: 29 
3 239 28 
10 17 26 58 
6 3 50 36 
07 4: 47 82 
6 11 31 48 
O 1 22 24 
6 19 13 O 
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Months. 


]o 29 19 37 
2 17 23 31 
14 7 3 33] 49 


41 2 
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In Sly and February of 
biſſextile years take way a day 
from the time. | 


Mean Motions of 1 


in Days 
Apo 
5 T 
8 0 
3 12 16] © 
4 48 23] 1 
6 24 31] 1 
50 8 o 39 1 
936 47_ 
7 11 12 55 1 
8 12 49 3] 1 
| 14 25 11| 1 
. 110 1 
110 17 37 260 2 
122 19 13 34/2 
20 49 41] 2 
22 25 49 2 
15% 24 137] 2 
160 25 48 50 2 
170 27 14 13] 2 
18 28 50 21| 3 
191 o 26 280 3 
200 2 2 36| 3 
210 3 38 44/ 3 
22/1” 5 14 52 
[24]: 3 
24/0 827 7].3_ 
251 o 3 15] 3 
12601 11 39 23} 3 
271 13 15 31/ 3 
2801 14 51 39 4 
29 16 27 47] 4 
3001 18 3 54] 4 
311 19 40 21 4 
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Mean Muliont of Pons bs Honer, Minutis, and Seconds. 
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6-9 1 4331-8 
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o 16 1 34 2 16 11 
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p36 3 n 
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Argument. 


Feber of the Contre of Yeni. 


Mean Anonaly of Venus. 
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420 
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6 
43 25 


43 45 
44 3 
44 21 
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9 
46 41 
40 32 


44 54 46 22 


45 0 46 12 


45 23 40 1 
45 37 45 49 


45 50 45 30 


40 '2 | 45 23 
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46 23 
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40 49. 
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44 9 
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| 0 Logarithms of Venus's Diſtances from the Sun. 


Argument. The Mean Anomaly of Venus. 
8. o | . 2 
r ⅛ ͤ“B—᷑—u— Rr abt: 0 
o* | 4.362359 4.861961 | 4.865867 30? 
r | 4.562353 | 4.861934 | 4.865821 |] 29 
2 | 4.862356 | 4.86 907 4.860775 28 
3 | 4862354 | 4.861579 4.860729 27 
4 4.862372 | 4861859 | 4.860682 26 
5 4.862348 4.561821 | . 4.860635 25 
6 [4.862343 4.861791 4.860587 24 
7 4.862337 4.861750 4.8505 39 23 
8 4.862330 4.851728 4.860490 22 
9 4.862 %22 | 4.301696 4.860441 21 
10 4.362314 4.851663 4.862392 20 
1 4.862304 | 4.861629 4.865342 | 19 
12 4.562 294 4.861594 4.860292 18 
13 4.862282 4.861559 4.860242 17 
14 4.862270 4.861523 4.860192 | 16 
is | 4.852259 | 4.861486 4.860141 | 15 
16. [ 4.862244 4.861449 4.869090 14 
17 4.862229 4.801411 4.860039 13 
18 4.862214 4.861373 4.859988 I2 
19 4.802197 | 4.861334 4.859936 11 
20 4.862180 4.861294 4.859884 10 
1 4862162 4.861254 4.859832 9 
22 4.862143 4.861213 4.859780 8 
3 4.862123 | 4.801172 4.859728 7 
IS 4.862102 | 4.861130 4.859675. 6 
25 4.862080 4.861087 4.8 59623 5 
26 4.862058 4.861044 | 4.859570 4 
| 27 4.86203 5 4.86 000 4.8 59518 [3 
28 4.862011 4.860956 4.859465 2 
29 4.851986 4.860912 4.859412 I 
30 4.861961 | 4.860867 4.859359 o. 
8. II | 10 9 


— 
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Logavithms of Venn Diſtances from the Sun. The 
Argument. The Mean Anomaly of Venus: 


| 4 
* 3881 1 | 2 
04.859379 | 4857835 | 4:356709 | 302 
I | 4.859306 | | 4.857789. 4.856683 | 29 
2 | 4859233. | 4837743 | 4.856657 28 | 5 
3 4.859200 4.857698 4.850632 25 
4 | 4859147 | 4857653 (4.856608 | 26 * 
5 4.859094 4.8576 | 4856585 | 25 
6 [4.859041 | 4857566 | 4.856563 | 24 
17 4.858989 | 4857523 | 4856541 | 23 
9 |, 4.858936 | 4.857480 4.8 56520 22 . 
9 | 4.858884 4.857438 4.656501 | 2t 
K pn NS: — | ——__— — 
19 | 4.858831 4.857397 | 4836482 | 26 
11 | 4858779 4.857356 ͥ 4.356464 | 19. 
12 4.838727 | 4857316 | 4.856447 | 18 
13 | 4838675 | 4857276 | 4856431 | 14 
14 4.858623 | 4.857237 | 4856415 | 16 
—— — 1 — — — — . —— 


15 4.858572 | 4857199 | 4.856401 15 
16 4.858521 4.857161 | 4.856387 | 14 
17 | . 48584950 | 4857124 | 4856373 | 13 
18 | 4.858419 4.857088 | 4.856363 12 
19 | 4.858368 | 4.857953 | 4.856352 11 
20 4.858318 4.857018 | 4.856342 | 106 
21 | . 4.858268 | , 4.856984 | 4.856333 
22 4.858218 | 4.856950 | , 4.856325 
23 4.858 169 4.856917 | 4.856318 
24 | 4.858120 4.856885 | 4.856312 


9 

8 

7 

6 
25 | 4838072 4.856884 4.85630) 5 
26 4.858024 | 4.856823 | 4.856303 & | 
27 | 4857976 | 4856794 | 4856299 3 
28 | 4.857928 4.8 5676 5˖ 4.8 56297 2 
29 4.857881 [ 4.856737 | 4.356295 I 
30 | 48537835 | 4.856799 | 4856295 0 
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The Inclination of the Orkit of Venus, its Redu®%zn io the Eulipite, 
and the Logarithnr of Curtation. © 
Argument. Heliocentrie Long. — the Long. of the . 
18. 19% ; + 1 E A 
8. 5 [Log. — 7 Log. 
Inclinat ion. Reduc. Curt. ¶ Inclination. Reducg. ] Curt 
— 3 Fa — , 
"T1999 I #04 "V1 ST" JT n 2 Fa 
lolo-e oa o 94 372 36 190 30 
1100 3330 6 99142 39 201 29 
20 7 680 1311 47 422 4221328 
3.0 10 38% 9 21 5422 44225 27 
4014 110 25 41 53 39 2 4723726 
50 17 42 0 31 . 635 2 4922 
61021 140 378 1 59 28/2 5126224 
710 24 46 0 43. 11 % 2 19 2 53 | 275 23 
$10.29 17 %% fo 15 | 2. 5 8+] 2 54 | 288 |22 
9 31 48 0 56] 19H 2 7 55 2.56 | got |21 
oo 3517 |1' 1: 23 || 2 10 392 57 | 314 | 20 
110 38 40 }1' 28 [2 13 21 2 58] 327 19 
12] 0 42 15 | 11, 2 2 16 12 59340 18 
130 45 43119 218 382 59 35317 
14] 0:49 10244 2 21 123 36616 
15 o 52 30 1 30 1 2 23443 © 380 |I5 
160 0 56 '1]135| 58}| 2 26 133 © | 393 14 
147] 0:59 25 141 65 }| 2.28 qa | 2 59 | 4c6 | 13. 
1801 24846 92 | 2.31 42 59 | 420 |12| 
19 1:0 10 580 2 33 25 2 58 | 433 [11 
20|1 9 30 1 5 89}} 2 35 43 | 2 57 | 446 [10 
21] 1:12 go | 2: off 97 2 37 59 2 56 9 
22] 1 16,8 |2 5] 106 2 40 122 54 8 
23] 119 242 9 116 f 2 42 21] 2 53 7 
24] 1 22 4o | 2:14 | 125 }} 2 44 282 51 6] 
25] 1 25 54 | 2 18 | 195 | 2 46 32 4 2 49 : $Þ 
26] 1 29 5 2 22 146 [2 48 322 47 4 
27 1 32 16 2 26 156 [( 2 50 302 44 3 
281 35 25 [2 29 | 169 2 52 242 42 2 
291 38 32 2 32178 2 54 15 | 2 39 I 
30| 1 41 37 | 2.36 | 190}| 2 56 4} 2 36 © 
S. — 11 | + | —120' þ + s 
18.4 5 A 4421 = 
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7 Ds — — — — 
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| Argument. Heliocentric Long. — the Long. of the g. 


[99] 
The Inclination F the Orbit of Venus, its 


and the Logarithm of 0 urtation. 


1% ReduBien to the Eelipti 


＋ 2 _ ++ : W | 
| — 88. | "6 | 
' | Inclination. | Reduct. Curt. 2 
| 5, ny þ 5 8 
1 9 X $7.09 ny he 8 
))) 
11 . 2 $7 49232 581 29 
£12 2 59 30 [ 2 29 F592 28 
N |. +. 11259 of 4 # $6 66 ³ 27 
res [4 F: 22 22 614 26 
Ireen 88 - 6242 
6 3 5 44 [214 634 | 24 
TFT j- 4 9 644 | 23 | 
£81 47.5: 30% „2 3 553 22 
9 3 949 | 2 © 662 21 
I $0: © $6 {| i 6y01: 20 
4: 442/24:i|- » 52 ||. 679 19 | 
13; {: 4 23:25] 46 687 18 
„ $4301] 18% 1" +605 ;þ 27 
14, | 3 15 27: (135 702 16 
|-I5 | 3 16 24 1 30 || 70g | 15 
$6" © 3707 1 24 716 14 
% 3 i Gee 1 19 721 43 
18 | 3 18 53 i 1s 727 12 
29 319 85 1 732 11 
20 3 20 14 6 10 
I 2x: 5: $4 30:50 © 56 741 9 
nr }- © 30 745 8 
23 3 21 49 0 43 749 7 
24 3 22 13 0 37 752 6 
| @ 37 |} 354 +] --5 
0 25 756 4 
o 19 758 3 
o 13 759 2 
0 0: | : 160. I 
oO © 7609+] © 
| + ö 


m—— 
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TABLES os Ts MOTIONS os MARS. 
The Mean Motions of Mars in Current Years. 4 


| Years. | Longitude. | Apogee. Node. 0 
&A.D. | 82. 9 FT" ˙ ²˙A 7. 
1761 | 10 27 42 55 1 40 41] 1 17 43 46 
1781 616 231] 5 2 3 1] 117 53. 6 

. 1791 [io 9571] 5 21411] 1 17 57 46 

B 1792 4 21 45 37 | 5 2 15 181 17 $58 14 

|; 137 4.2404 £4 16 251 1 17 58 42 

17945 14 19 56] 5 217 32] 1 17 59 10 
1795 | 12 25 37 6] 5 218 39| 1 17 59 38 

B 1796 6 7 25 42 | 5. 2 19 46] 118 0. 6 

|__2797 | © 18 42 52 | 5 2 20 53 | 1.18 0 34 
17908 ) Qa O a | 221 04 1 18 2.3 
17099 | 11 #3 1x1 | 5, 2 23 7 | © 18 & 30 
1800 7 22 34.21 | 5 2.24 14 | 1,18 1 58 
1801 | 2 3 51 30 5 2:25 21] 118 2:26 
i802 | B 15 8 40 5 2 26 28118 2 54 

13803 | 2 26 25 go| 5 2 27 35] 1.18 3 22 

F 1804 | 9 8 14 25 5 2 28 42| 1 18 3 50 

| 1805] 3193137] 5 2 29 4 118 418 

| 1806 |-10:0 48 45| 5. 2 30:56 | 1 18 4 46 4 

| 1809] 412 555] 5 2 32 3] 1 18 5 14 | 

B 1808 | 10 23 54 31] 5 2.33 10] 1 18 5 42 

1809 5 11 41 [J 23419 | \t 38 © 1p: 

"1810 | 11 16 28 38] 5 2 35 24| 1:18 6 38 

1 1811] 5 274548] 5.2 96 31 1 18 97 5 

1B 1812] % 9 3425] 5 2.37 38| 1.18 2.34 

1813] 6 2051 35] 5 238 45| 1 18 8 2 
1814] -1 2 $45] 5 2 39 521 18 8 30 

1 1815 7 13 25 55 | 5 2 40 59 | 118 8 58. 

i Bi8r6] 25 14 32] 5 2 43 061] 1 4067 & $0 

2847 8 6 31 42 5 2 43 13 | 21 18 9 54 

1 1818] 217 48 52 | 5 2 44 20| 1 18 10 22 

1819] 8 29 6 2| 5 2 45 27] 118 10 50 

B 1820 | 3 10 54 394 5 2 46 34| 1 18 11 18 
i821 | 9 22 11 49] J 247 41] 118 11 46 | 
i841 | 5 10 32 15] 5 3 10 11 3 18 21 6 | 
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- The Mean Mations of Mars in Julius Years, 
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| 
4 


© 22. 34, 19 


0 13 57% 30 


6 25 14 4 


2 6: 32 80 


7 18 20 26 
3 6 40 52 


10 25 41.18 


* —_— — — ___O— 


L 
| 


+ . d 
1 3 e 


— 
UW 
> 


— _ = 7 


Node. | 
| 


6 13 24 44 1 29 20 |} 37 20 
„ 2 42 10 [ 5 0 45 gp: 
— 5 N * mw * ? _ vb > oy 
| / 
| 
4 0 
= ! ts | 5 
c { * 1 y ; 
. 1 | 
v 7 6 


1 93 7 


| The Meun Motions of Mars th 4 | Meas Motion of Mart 
2 Months, _ — =: | 3 . Days 
3 „ Thy 
| | Longitude Apy.Node A Longirde: Apo. Node 
ee e, Fr . 
January] o 0 0 ol 0 0801 11 o 31 2716 
Feb. o 16 1446 6] [2 2 2544 
March i 0 55 13 1 4 43] 7 34 20 | 1 
April [147 9 397) on [4 2 50]! 
| Esens 
May 2 2 63 19 22 9 81 
June 2 19 8 , 8 aA 71 
July #3: 4.51 25 33 | 14 | [80 4 11 33 | 1 
Auguſt| 3 21 6 11 39 #| 9 443 2 
r 
Sept. 4. 7 20 58 45 19 
Octob. 4 23 417 50 | Bu 
Norem 5* 9 19 4 56 | 23 
Deren 5 2 2 23 51 26 
E 1 
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Equations of the Centre Murr. 


Argument. 


a1 
420 


10 11 22 
10 14 31 

10 17 30 

10 20 18 


10 22 56 
10 25 24 


10 27 41 
10 49 47 
10 31 42 


10 33 26 8 
10 35 © 
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7 27 25 
7 34 45 
7 41 59 
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750 7 
8 2 59 
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7 49 
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8 9 45 
8 16 24 
8 22 58 
8 29 19 
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3 07 8 
3 26 41 
3 36 11 
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4 4 23 
4 13 41 | 
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Eyuatione of the Centre of Marz. 
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Logarithms of Mares Diſtances from the Sun. 


Argument. The Mean Anomaly of Mars. 


1 
= 


— 


8. 2 I 2 
| & | $-221516 6.217310 | 5205134 | 30? 
1 | 5.221511 | 5.217027 | 5.204606 | 29 
25.221497 | 5.216735 5.204070 28 | 
3 | $-221473 | $-210435 | 5203527 | 27 | 
4 | 5.22144r | 5.216126 | 5.202999 | 26 | 
5 5.221398 5.215808 5.202421 25 
— ä - | — — — — — — 
6 5.221346 5.215481 6.201857 | 24 | 
17 þ $-221285 | 5.215145 [6.201287 23 
5 8 5.221215 6.214801 F. 200711 22 
9 5.221135 6.214448 [F. 200128 | 21 
10.221046 5.214087 65.199538 | 20 
ir 6.220947 6.213717 [ 5.198942 | 19 
12 5.220839 6.213338 56.198340 18 
13 3.220721 5.212951 3.197732 10 
14 5.220594 œ„⅜⅛ͤb. 212556 5.19718 1 
15 [5.2204 58 5.212152 5. 196499 15 
16 5.220313 5.211740 5.195874 r3-: 
17 5.220158 5.211319 5.195244 13 
18 5.219994 | 6.210890 | 5.194608 | 12 
19 5.219821 5. 210453 | 5. 193967 11 
20 5.219639 5. 2 Iooog 5.193322 10 
21 | 5.21944) 5.209556 5.192671 9 
22 . 5.219245 5.209095 5.192015 8 
23 5.219035 5.208627 J. Ir 235 1 7 
24 | 6.218817 5.208152 5. 190699 6 
25 5.219588 5. 207668 | 5.190021 3 
26 6.218351 | 8.207175 ⁴¼ (6.189347 4 
27 5.218104 5.206674 5.188670 | 3 
28 5.217848 ] 5.206167 5.187989 2 
29 5.217583 5.205654 5.187304 I - 
30 5.217310 | 6.205134 5.18661 5 | &: 
| 8. 11 10 1 9 | 2 
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Logarithms of Mars's Diſtances from the Sun: 
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Argument. The Mean Anomaly of Mars. 
8. 3 4 5 
0 | 5.186615 * 165366 5.147586 30? 
I 5.185924 5.164676 5.147142 29 
2 5.185229 5.163990 $.146710 |. 28 
3 | $-184531 6.163309 | 5.146291 | 27 
46.183831 | 5.162632 | 5.145885 | 26 
„ 5.183128 5 161960 5.145492 25 
8 5.182423 5.161293 5.145113 
2.187716 | 5.160631 f. 144747 
8 | 5.181006 | 5.159975 | 5.144395 
9 | $-180295 | 5.159325 | 5.144057 
10 5.179582 | 5.158682 | 5.143734 
it | 5.178868 | 5.158045 | 5.143425 
12 | $.178153 | 5.157415 | 5.143131 
13 | $-177437 | $5-156792 | 5.142852 
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26 | 5.168160 | 5.149483 $.140637 
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Th Taclindtion of the Orbit of Mars, its Reduction to the Ecliptic, | 


and the Logarithm of Curtation. 
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The Inclination of the Orbit of Mars, its Nedudtion to the Ecliptic, 
and the Logarithm of Curtation. | 
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1 5 I 47 13 |. 242 |. IF 
) | 23-1: 213 | :16: | 
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TABLES or JUPITER's MOTIONS. © 
The Mean Motions of Fupiter in Current Years. 
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| Years, | Longitude. Apogee. | Node. | 
Dr,“, ·- Oo LRN 4 
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1809 | 11 25 30 11 6.11 23 290 | (3 0 5 0 
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1811 1 26 11 26] 6 11 25 33] 3 9 7 | 
B 1812 [2 26 37 3 6 11 46 35 3 9 0 i 
1813 | 3 26 57 41 6 11 27 37-| 3 9 9 a1 
1814 | 4 27 18 19] 6 11 28 39 | 3 9 10 0 
181 5 27 38 564 G6 11 29 41] 3 „ 0 
B 1816 6 28 4 33 6 11 30 43] 3 9120 
112 | 7 28.25 11] 61231 46 |-.3 9 14 © j 
1818 | 8 28 45 49] 6 11 32 47 | 3 9 14 © | 
181 9 29 6 26 6 11 33 49] 3 9 15 0 
B 1820 | 10 29 33 3| 6 11 3451] 3 9 16 © 
1821 | 11 29 53 41 | 6 11 35 53 3 917 © 
1841 | 8 71047] 6115633] 3 937 % 
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The Mean Motions Jupiter in Julian Years.” 
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— 1 024.56] 110. 
May 9 58 32 19 2 [& o2956]1|1 
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July 15 2 47 | 28] 18 | | 8103954] 1] r 
Augult| 17 37 24 | 33 | 22 9 44 53 2 | 1 
—— — 0 9531211 
Sept. | 20 12 1 | 38 | 24 11] 0 54 52 2 | 1. 
Octob. 22 41 39 42 | 27 | 12. © 59. 52 Far 
Novem.| 25 16 17 | 47. 30 13 1 4 50 2 | 1 
Decem. 27 45, 2 52133 j 144 1 9 50 2 | I 
ax] :1:14.404 3 | x 
In January l 0 of 16 1 19 48] 3 | 2 
biſſextile years take away a oy 07] 1:24:47] 3 | 2 
from the time, 281 1 2947 | 3 | 2 
19 13440| 3] 2 
20] 1 39 45 3 | 2 
21] 1 44 45 3 | 2 
22 1 49 44] 3 | 2 
24.1 5942 | 4 | 2 | 
25] 2 4 42 95 2 
26 2 941] 4 | 3 
127] 2 14 490] 4 | 3 + 
28] 2 19 39 4 | 3 
mn 6:39 1-314 
3 
3 23437151 3: 
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Jabiter : Mean Motion in Hours, Minutes, and Seconds. 
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"Equations of Fupiter's Centre: 


Argument. © Jupiter's Mean Anomaly. 
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438 22 30 
4 41 23 29 
4 44 19 28 
4 47 10 | 27 
4 49 57 26 
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4 55 I5 | 24 
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5 233 | 21 
5 450 | 20 
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| Equations of Jupiters Centre." 
Argument. Jupiter's Mean Anomaly, 
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i $374 55 4.16. 29. | 1:48; 40. | 18 
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11 15; || $:24,50, 4 438 131 6 | 15 
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jj 4 || $3555; | 3:38:44; 00 55 8 9 
22 5 14 C. 334 9 [0 49 3 8 
23 % La N 39 29. | 0.42 58 3 | 
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\ 25 4 754 3 19 55 o 30 45 5 | 
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5.733210 | 5.725633 
5.733921 | 5.725321 
_ $.732827 5.725006 
$-732629 5.724688 
5.732426 b5.724367 
5.732218 | 5.724043 | 
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5.731789 [6.723386 
5.731567 | $-723053 
5.731341 5.722718 
5.731110 5.722382 
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5.739875 5.722043 
5.730635 5.721701 
5.730391 6.721357 
5.730143 5.721011 
5.729890 5.720663 
5.729633 5.720313 
5.729372 65.719967 
5.729107 5.719607 
5.728838 5.719252 
5.728565 ⁴ 65.718899 
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| Logarithms of Jupiter's Diſtances ſrom the Sun, 


Argument. Jupiter's Mean Anomaly. 
8. 3 4 ES ba 8. 
— — — — 4 — — — 
o 5.717093 5.706290 5.697840 
1 | $-716729 | 5.705952 5.697636 
2 5.716364 | 5.705616 5.697438 
3 5.715999 5.705284 5.697246 
45.715633 F. 74s 5.697060 
ou 5.715266 | 5.704630 5.696880 8 
6 5.714899 | 5.704307 | 5.696507 | 24 
7 | $:-714532 5.703988 | 5.696549 | 23 
8 |} 57314165 5.703672 5.696380 22 
9 | *5.713798 5.703360 5.696227 21 
10 5.713431 5.703052 5 696080 20 
11 5.713064 5.702748 5.69 5940 19 
12 5.712697 5.702447 5.695807 18 
13 5.712331 5.702150 5.695680 x5 1 
I4 5.711965 5.701857 | 5.695560 16 
15 F. 711600 [5.701569 5.695447 | 15 
16 5.711236 [ F. 701286 5.695342 14 
17 5.710873 | $-701co7 5.695244 | 13 
18 5.710511 5.700732 5.695152 12 
19 5.710150 5.700462 5.695067 11 
20 | $-709791 5.700197 65.694990 | 10 
21 | $-709433 6.599938 | 5.694920 9 
22 5.709076 5.699683 5.694858 8 
23 | $-708729 | 5.699433 5.694803 7 
24 5.708366 | 5.699189 | 5.694755 6 
25 | $-708014 | 5.698950 | 5.694713 5 
26 [F. 707665 | 5.698716 5.694680 4 
27 5.707318 | 5.698488 | 5.694655 3 
28 5.706973 | 5.698266 5.694637 2 
29 | 5.706630 $.698050 5.694626 | I 
30 F. 706290 697840 694622 2 
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The Inclination of Jupiter's Orbit, its Reduction to the Ecliptic, 
and the Logarithm of Curtation. 


Argument, Heliocentrie Long. — the Long. of the . 
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and the Logarithm of Curtation. | 


Argument. Heliocentric Long. — the Long. of the . 
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Saturn's Mean Motions in Current Years. 
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The Mean Motions of Saturn in Julian Years. 
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447 
| 4412 


1 4407 | 


4397 
4394 
14399] 


[4374 


21 


— — — 


4440 
1497 
4434 
4439 
4.427 
4424 


4420 
4410 


4404 
4400 


014387 | 
4384 | 
84 | 4380 


4377 


— — 


436! 


| ' 


4370 
04367 
14364 


— 
1320 


4256 


4240 
4237 
4234 


| 


4224 
4221 


4215 


4209 
4205 


43571 


221 


4260 
4253} 
4250}: 
4247 | 
4244 1 


42311. 
4228 
3 


4218 


4212. 
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Taps of Logiſtical Logarithms, + 


luawp-ol_ 
9 


4 


27 


11620 


E 


1740 


E 


1800 


3010 
3008 


3003 


3001 


2998 
2996 
2993 
2991 
2989 
2986 
2984 
2981 
2979 
2977 
2974 
2972 
2969 
2967 
2965 
2962 


2960 
2958 
2955 
2953 
2950 
2948 
2946 
2943 
2941 


2939 


3005 


5 


[134-1 
Tuo of Logiftical Logarithms. 


| | 


1560 | 1620 1680 1740 1800 1860 1920 1980 2040 


2 | 27 | 28 | 29 [ 3 | 3x | 32 | 33 | 38 


30 3549 | 3388 | 3233 | 3983 2939 279826632531 [2403] 
3103546 3386 | 3231 3081 2936 | 2796 | 2660 25 2940 
32] 3544 | 3383 | 3228| 3978 | 2934 | 2794 | 2658 [2527 259 
33] 3541 | 3380| 3225 | 3076 | 2931|2792|2656 | 2525 [2397 
34] 3538 | 3378 32233073 2929| 2789 | 2054 |252212395 
3513535] 3375 32203071 29272787 265225202393 

069 2924 | 2785 | 2649 251802391 1 
373530 3370|3215|3066| 292227822647 | 251612389] 2: 
38] 3527 | 3367 | 3213 | 3964 29202780 2645 251412387] 
39.3525 3365 3213061 2917|2778 | 2643 | 251212384 
403522 3362 | 3208 | 3059 | 2915| 2775 264025 10 2382 
41] 3519] 3359 | 3205 | 3056 291227732638 | 250712380 
42] 3516| 3357 | 3203 | 3954 | 2910| 277126362505 2378 
43| 3514 | 3354 | 3200| 3052 | 2908 | 2769 | 2634 | 250312376] 
44] 3511 | 3351 | 3198] 3049 | 2905 | 2766 | 2032] 250112374 
45| 35098 | 3349 | 3195 | 3947 | 2993 | 2764 | 2029 | 249912372} 


ws — — 1 — | — 1 — 1 — 1 —  ecau=a-_— jy oc f — 


4603506 33463193 | 3944 | 2901 | 2762 | 2627 2497370 
473503 3344 | 3190 | 3942 | 2898| 2760 | 2625 | 2494 [2368 
48| 3500 | 3341 | 3188 | 3039 28962757 | 2623|24921236 
49.3497 3338 | 3185 | 3037 | 2894| 2755 262124902364 
503495 3336 | 3183 | 3934 | 2891 | 2753 2618248823620 


es — 1 — —-—-—-—-— | — | anno — x — 1 — 1 — 


51] 3492 333331803032 28892750 261624862359 
52] 3489 | 3331 3178| 3030 | 2887 2748 | 2614 | 248412357 
. - [53] 3487 332803175 3027 2884| 2746|2612|2482[2355 

543484 3325 | 3173 | 3925 | 2882| 2744 |2610|2480[2353| 
55 3481 3323 3170 3022 2880 2741 2607 . 
50 3479 | 33203168 30202877 27392605 2475]2349 | cy 
571 3476| 3318 | 3165| 30182875 2737 [2603] 2473347 
58 3473] 3315 316330152873 2735 26012471345 
59) 3471 | 3313 | 3160 | 3013| 2870| 2732 12299 246912343 


60 3468 | 33101 3158 | 30101 2868] 2730 |2596 1246712341 
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74 of Logiſtical Logarichws. 
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2220 


2 — 
4 
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4 | 1608. 


1606. 


[1605] 1 


1603 


1601 


42 
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11447 
17445 
1443 
111442 
211440 


— 
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1438 


555 


— 4 
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Tue ef Logiſtical . 
4 35 | 36 77 . 38 39 
— — ö 
2100 2160 2220 2280 234 

— —— — — —— 
| 302259 21 59204144927 | 1816 | 
|31]2277| 215712039; 492501814 
32227 2155 2039149231812] | 
| 33/2273] 215342035) 192101810 K 
34227 0215033919188 17 
| 357 121497 2932/3918 1806 | 
| 36226112147 2030/1916 | 1805 || 
37226502145 2028 191418030 
38422630 21432026 19120/1801 169 
39422610 21412024 1910/1799“ 

40 2 59 2139 2022 19081797 1584 
E257 213) 2020 19061795 16891] 1582 
422255 21352018 1904/1794 Lee 80 
4322532133 2516 190317924684 1578 1775 17 

1201419014 1990 | 1682 1877 4474373 
E. 99 1788] 1680 15752372 
2897 8601678167 | 1479 f) 
5 2009 1895 1585 16991], 157% | 1469 f 368 
2097 189317832675 1530 | 1467 167 
2005 1891017810 4673 1568 | 1465 65 
2003 1889 1779 560% 1:566 | 1.464 [1963 

51 2237 ah 2001 15686 1%) 1670 1565 | 1462 fr 362 
52 223502115½1999 18861775 1668 1563 | 1460 360 
| 53/2233] 2113 [1997 4884/1774 76661611459 [1359 

542231 2111 | 1995 þ1882| 1972] 1664] 1559 | 1457 [1357 

55229 21091993 1880 1990| 1663 | 15.58 | (4.55 355 
5622) 20199101878 1768 1661 | 1:556 | 1454 [1354 

572225 2105 1989 1876 1766 1650 15541452 1352 
58022230 2103198701875 1565 1657 15521450 [330 | 
| , 12101 |1986| 1893] 19634 1655 15521449 849 

60/2218|-2099 | 1984 | 1891: \ 17611 2654 | »5491 1447 11347 


| 
| 
; 
| 
I 
Ii 
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Tun of Logiſtical Logarithms. | 


45 | 


331138 


911355 
14340 
1132 
1130 


24111 29 


2768 
0 1134 


51151 
* 1149! 
1148 
141746 
1143 


n rs 


1252 


1141 
1140 


1137 


1127 


11261 
112401 


1123 


1121 


1118 


11191 


1116 


47 
— 


2820 


— — 


1061 
1059 
1057 
10 56 
1054 
1053 
5[ 1051 
1050 
1048 
1047 
[045 


48 


28 


49 


1 50 


2940 
792 
790 


300⁰ 


789 
787 


706 


Ir 


3960 
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Tanrs of Logiſtica! Logarithms. 


| 44 45 | 46 | 47: 48 49 | 50 | 51 | 52 
2640 | 2700 | 2760 | 2820 |2880| 2940 | 3000 3060 3 120 
301298012010 1107 | 1015 924 835 | 749 | 663 5800 
31 | 1296| 1200 | 1105 | 1013|923| 834 | 747 | 662 579 
32 | 1295| 1198 11041012 921833 746 | 661 [577 
33 | 1293 | 1197 | 1102 | I010| 920 831 944 | 659 576 
34 | 1291 | 1195 | 1101 | 1008| 918] 830 743 658 5744 
35 [1290 | 1193 | 1099 | 1007 | 917 828 | 741 656 5733 
| 36 | 1288 |1192| 1098] 1005 915 $27 | 740 655 | 572] 
37 | 1287 | 1190 | 1096| 1004 | 914 | 825 739 654 570 
38 | 1285 | 1189 | 1095 1002912 B24 | 737 652 569 
39 | 1283 | 1187 | 1093 1001911 822 | 736 651 568 
40 | 1282|1186 | 1091 | 999| 909 $821 | 734 | 649 566 
41 | 1280| 1184 | 1090| 998908 819 | 733 | 648 | 565 | 
42 | 1278 | 1182 | 1088 | 996906818731 647 5633 
43 | 1277 | 1181 | 1087 | 995905816 730 | 645 562 
44 | 1275|1179| 1085 | 993903815 729 | 644 5616 
45 | 1274 | 1178 | 1084 | 992|902| 814 | 727 | 642 559 
|46|1272|1176|1082| 990 90 812 | 726 | 641 [558 
47 | 12750| 1174 | 1081 | 989|899| 811 | 724 | 640 | 557 
*| 48 | 1269| 11731079 987897 Bog | 723 | 638 | 555] 
49 126711711078] 986|896| 808 | 721 | 637554 
50 | 1266 | 1170 1076 984|894| 806 | 720 | 635 | 552 
5112641168 1074] 983|893| 805 719 | 634 [551]! 
52 | 126211671073] 981|891| 803 | 717 | 633 | 550| 
53 | 1261 | 1165 | 1071 | 980|890| 802 716 | 631 | 548 | 
54 | 1259| 1163 10/0] 978|888| 8o1 | 114 | 630 | 547 
55 125711621068 977 887 799 713 628 | 546 


| 


—!ʒ bDpä— — ——— — 


56 1256 11601067 975885 798 | 711 | 627 | 544 
57 12541159 fobs | 974|884| 796 | 710 | 626 | 543 
58 | 1253|1157|1064| 972|883|.795 | 709 | 624 | 541 
59 | 1251 11561062 971881 793 | 707 | 623 | 540 
1x54) 2061 | 792 
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T ante of Logiſtical Logatithms. 


— an - — TR LY 


reien 
3240 3300 3360 | 3420 | 3480 | 3540 
— — — — — ä — — — - 
458 | 37 3 | 223 | 147 | 73 
456 || 379 | 298221 | 146 | 72 
435 375 | 297 | 220 | 145 | 71. 
434 374 296 219 | r43 | 69 
452 | 314 294 2218 142 68 
451 371 1293 216141 67 
e. . ——— 
450 | 37% 292 215 140 | 66 
449 3692924 | 139 | 64 
447 | 367 289 | 213 | 137 | 63 | 
446 ] 366'F 288 | 211 | 136 | 62 
444 ] 363 f 287 | 210 | 135 61 
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TAE of Logiſtical Logarithme. 


58 5 


3480 | 


Ho x... 


109 
107 
106 
105 


104 


© 142 } 
Time of Fun- riſing or Seminocturnal Arcs. Lat. 56 North, 
- Declination North. 


co A f 


F Ae e. . [Bt | — 
— 0 18 10 20 300 40 50 

. "Th. m. 8. h. m. 8. h. m. 

i FJ 56 45 55. 45 54 
JF 50 Bs 49 85 48 

| 27 44 1105 43, 115 42 

355 38 135 37 1415 36 

4 32 k3]$ 3t 135 30 

4 5[5 26 125 25 125 24 
6 20 85 19 805 18 

2 14 of 12 3005 1 
85 7495 6475 5 

| Rs. n 
ref 4-55 14/4 54 104 53 
rik-4 48 4% 4 47 43] 4 46 
44 42 16 4 4r 10 4 40 
154 35 3714 34 3˙%4 33 
144 28 $114 27 42/4 26 
1514 21 5/4 20 43/4 19 
164 14 49 4 13 37] 4 12 
1774 7 394 6 2304 '5 
1884 O 33 58 473 57 3! 
1973 52 23 54 3 49 42 
2c} 3.44 22 3 42 5203 41 18 
211.3 36 403 34 3913 33 14 
2213 27 263 26 C3 24 30 
33 18 2713 16 55/3 15 20 

293 8 5803 7 — 3 5 42 
2 58 5% 57 12 55 30 
20.2 43 19,2 46 2912 44 39 
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Time of Sun-riſing or Seminournal Arcs. Lat. 56" North. 
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þ 
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Declination South. 
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| © &-Ww ow | + w » 45 o Pd 
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7 50 29 
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8 $5 41 
8 13 42 
3 21 56 
8 30 33 
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5 49 0 


8 58 59) 
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THE END. 


— 


j $ * =, 4 » : * — 3 s — — ns cat. — —— 


2 "5 —  — 
Fn & — cg — 2 — — — 


